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CHAPTER  I. 

klLniiNjiEV  VIEW  or  chemical  affinity — t..\ws  or  combination. 

(i)  Chemical   Dittinction   of  Bodies  into  Elements  and  Com- 

j«o«nH&.~Moden)  science  has  shown  that,  numberlesB  as  nre  the 

'Tihitanoes  presented  to  us  in  tlie  daily  experience  of  life,  there  are 

:  ry  few  which  cannot  be  separated  into  other  substances  of  a  le^s 

Liiplicatfd  nature,  which  enter    generally  into   the    formation  of 

"I-  *»n'ou8  bodies  with  which  we  are  familiar.      For  example,  the 

"id  of  our  tables,  the  paper  on  which  we  write,  the  pen  which 

-  iTirds  our  thoughts,  are  each  separable  into  three  or  four  distinct 

,'T>sbuices ;   namely — oxygen,   hydrogen,   carbon,   and   nitrogen  ; 

'  :ui  which,  however,  further  efforts  fail  to  extract  other  simpler 

:  'rnii  of  matter.      It  is  the  province  of  chemistry  to  ascertain  the 

iiure    of   these  different  component   substances,    to   trace   their 

littial  actions  on  each  other,  to  effect  new  combinations  of  these 

TupODcnts  with  each  other,  and  to  define  the  conditions  under 

■lich     tlie    combinations    existing    around    us    are   producible. 

'  iiiies  which  have  hitherto  resisted  all  attempts  to  resolve  them 

ID  KimpW  forms  of  matter   are   in  chemical   language   termed 

.  matts,  or   simple    substances.      In    popular    language,  the  word 

'  incnt  is  often  referred  to  fire,  air,  earth,  and  water.     A  very 

:^hl  acquaintance  with  chemistry  is  sufficient  to  prove  that  air, 

r  vartb,  am)  water  are  compound  bodies,  and  that  fire  is  maiuly  the 

^■mlt  of  a  high  temperature  on  certain  bodies. 

^V    £implc  or  elementary  substances,  then,  are  limited  in  number. 

^  ts  the  present  state  of  the  science  only  sixty-one   are   known. 

Many  of  these  are  familiar  to  us  in  the  form   of  metals, 

i  b  «•  gidil,  silver,  copper,  iron,  lead,  tin,  and  metcaty.    TVcws 

^»<'*' ■^-' '■'  '■"hst&uces  which  are  equally  familiar,  W\ -wVwV 


2  CLASSIFICATION    OF    ELEMENTS. 

have  no  resemblance  to  the  metals ;  such  as  charcoal^  sulphur^  and 
phosphorus.  Some  simple  substances  exist  in  the  form  of  air  or 
gas.  Such^  for  example,  are  the  two  essential  components  of  the 
atmosphere,  oxygen  and  nitrogen. 

Simple  substances  have  been  divided  into  two  great  classes — 
non'Tnetallic*  and  metallic.  The  substances  comprised  in  the 
latter  class  are  the  more  numerous,  but  those  in  the  former  are 
the  more  abundantly  distributed. 

The  elements  enumerated  as  non-metallic  are  fourteen  in 
number — viz.. 


Oxygen 

Chlorine 

Sulphur 

Boron 

Hydrogen 

Bromine 

Selenium 

Silicon 

Nitrogen 

Iodine 

Tellurium 

Carbon 

Fluorine 

Phosphorus 

Of  these  substances,  oxygen,  hydrogen,  nitrogen,  chlorine,  and 
probably  fluorine  are  gaseous ;  bromine  is  liquid,  and  carbon, 
iodine,  sulphur,  selenium,  tellurium,  phosphorus,  boron,  and 
silicon,  are  solid  at  ordinary  temperatures. 

All  natural  objects  consist  either  of  simple  bodies,  or  they  are 
composed  of  two  or  more  of  these  simple  bodies  united  according 
•to  certain  rules  or  laws  which  form  the  groundwork  of  the  science 
of  chemistry.  Substances  thus  produced  by  the  union  of  two  or 
more  elements  are  termed  compound  bodies.  These  compounds 
have  in  general  no  more  resemblance  in  properties  to  the  elements 
which  have  united  to  form  them,  than  a  word  has  to  the  letters  of 
which  it  is  made  up. 

(2)  Differences  between  Physical  and  Chemical  Properties, — 
The  properties  which  characterize  objects  in  general,  may  be 
classed  under  two  heads,  viz.,  physical  and  chemical. 

The  physical  properties  of  an  object  are  those  which  refer  to 
its  condition,  whether  solid,  liquid,  or  gaseous.  Crystalline  form, 
specific  gravity,  hardness,  colour,  transparency  or  opacity,  and  the 
relations  of  the  object  to  heat  and  electricity,  are  physical  proper- 
ties. Physical  properties  are  independent  of  the  action  which  the 
body  exerts  upon  other  bodies ;  whilst  the  chemical  properties  of 
the  body  relate  essentially  to  its  action  upon  other  bodies,  anc|  to 
tho  permanent  changes  which  it  either  experiences  in  itself,  or 


*  Some  writers  speak  of  the  Don-metallio  bodies  as  the  metalloids,  a  term 
wUoh  sigaifies  metai-like  substanoes.  This  anfortunate  misnomer  ooald  never 
Asr0  b0e0m0  ermi  pufuHlj  onrren^  but  for  the  wtDt  <^  a  good  single  word 


'i  it  cBecta  apon  them.  For  example,  in  iiidicatiiijE  the  phy- 
!  prO[)erti«s  of  such  a  substance  as  sulphur,  we  should  refer  lo 
lintlleiiesa,  crystalline  structure,  its  faint  peculiar  odour,  yellow 
jur,  its  Be  mi -transparency,  the  facility  with  which  if  rubbed  it 
libit*  electrical  attraction,  and  so  on;  but  if  we  would  take 
:<■  of  its  chemical  properties,  it  would  be  uecessary  to  refer  to 
ii^c  opcratioDs  by  which  the  body  usually  becomes  changed,  and 
li  its  distinctiFe  physical  characters — such  as  the  ease  with 
I'ch  it  takes  fire,  the  rapidity  with  which  it  unites  with  silver 
;  t-opper,  especially  if  heated,  ita  iusolubility  in  water  and  aleo- 
1.  aud    its  solubility  in    oil     of    turpentine  and   in    alkaline 

9  not  however  always  possible  to  draw  the  line  between 

I  and  chemistry;  this  is  of  the  less   importance,  since  the 

ttical  Qftture  of  any  substance  could  be  but  imperfectly  studied, 

tiihout  n  tolerably  complete  knowledge  of  its  leading  physical 

fbftractera,  which  are  those  by  which  it  is  most  readily  defined. 

■(3)  Phyncal  States  of  Mailer. — Natural  objects  are  presented 

I  in  three  states,  or  physical  conditions— viz.,  the  solid,  the 

I  and  the  gaseous,  aeriform,  or  vnporoiis.     Every  substance 

8  iu  one  or  other  of  these  conditions.     The  same  body  may, 

-pTcr,  of^Q  assume   any  one  of  these  conditions  at   different 

iA,  and   may  pass  from   one  to  the   other   for   an   indefinite 

i-Tihcr  of  times,  according  as  it  is  exposed  to  a  greater  or  less 

.■ret  of  heat.      Ice,  water,  and  steam  are  all  the  same  material 

three  different  states.  Whichever  be  the  form  that  matter 

■limw,  it  always  retains  that  attraction  for  the  earth  which    Fio.  1. 

.   (>  it  weight,  whether  visible,  as  in  the  state  of  ice   or 

irrr,  or   invisible,  as  in  that  of  steam.     A   quantity  of 

<    or  of  water    that  weighs  a  pound,  will  still,  as  steam, 

'-(|iuilly  a  pound  in  weight.     So  it  is  with  all  gases ;  the 

r    althnitgh  invisible,   is  not   the  less  capable   of  being 

'     '      'd  measured. 

■  '•osity. — Natural  objects,  of  whatever  form,   are 

<r  particles  which  are  not  In  actual  contact,  but 

■-.  d  by  spaces  or  intervals  tertaei  pores,     A  lump 

■  r  gf  salt  is  nt  once  seen  to  consist  of  a  collection 

i   -uUd  particles,  with  intervening  spaces;  but  the 

I'liy  of  such   bodies  as  water,  of  spirit   of  wine,  or  of 

'  1,  ta  not  *o  obvious,  although  the  existence  of  the  pro- 

,_Jty  is  not  Ira»  certain,      The  porosity  of  spirit  ani  o? 

^g/tp  "V  *•'  **<"•'"    ^^  follows: — Take   a  long   nartow 

^^^brAA  m  maple  of  bulbs  blown  in  it,  and  furoisAied  witk 

™ — '* 
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DIVISIBILITY    OP   UATl 

an  accurately  fitting  stopper,  as  represented  iu  fig.  i  ;  £1 
tlie  tube  and  lower  bulb  with  water,  then  carefully  and  com 
pletely  fill  up  the  upper  bulb  aud  neck  with  spirit  of  wiiic^ 
aud  insert  the  stopper.  The  structure  of  the  apparatus, 
tlie  different  densities  of  the  two  liquids,  prevent  them  6com 
mixing  j  but  on  turning  the  tube  upside  down  and  back  a^i 
three  or  four  times,  so  as  to  mix  the  spirit  and  water  tho 
roughly,  and  then  holding  the  instrument  with  the  bulbs  dovn< 
wards,  an  empty  space  will  be  Bceu  in  the  tube  after  they  hai 
been  thus  mixed,  showing  that  they  now  occupy  less  spae.c  than 
before  ;  that  their  particles  are  in  fact  closer  together.  Proofs 
porosity  are  afforded  even  by  the  metals;  for  example,  many 
them  become  more  compact  by  hammering,  as  is  the  case  with 
plaliiiuiu;  aud  all  of  them,  not  excepting  platinam  and 
gold,  two  of  the  densest  forms  of  matter,  however  cold  they  may 
be,  shrink  into  a  smaller  space  wlicn  rendered  still  colder.  The 
ultimate  particles  therefore  cannot  be  in  contact. 

(4  al  Divhibility  of  Mutter. — What  the  real  size  of  these  ulti- 
mate particles  may  be  we  have  no  means  of  determining,  although,  ai 
will  be  seen  hereafter,  there  are  stroug  grounds  for  t>elieving  that 
tlio   divisihility  of  mutter,  extreme  as   it  is,  has  its  assigned  aad 
duHnito  limits.     Experience,  however,  shows  that  wliatever  be  the 
form  of  matter  selected  for  our  experiments,  that  dirisibility  maj 
\ki  manifested  to  an  extent  which  transcends  our  powers  of  coti. 
ncption.     The  divisibility  of  gold  is  often  given  in  illustration  of 
this  point.     In  the  ordinary  process  of  making  gold  leaf,  a  single 
groin  of  gold  is  hammered  out  until  it  covere  a  square  space  seven 
iuchcH  in  the  side.     Each  square  inch  of  this  may  be  cut  into  100 
«tri]M,  and  each  strip  into  100  pieces,  each  of  which  is  distinctly 
isiblo  to  the  unaided  eye,     A  single  grain  of  go!d  may  thus,  bjr 
lUchauical    means,   be  subdivided   into  49x100x100=490,000 
liaible   pieces.     But   this   is  not  all ;  if  attached   to   a   piece  of 
^jlou,  this  gold  leaf  may  be  subdivided  still   further;   10,000  pa- 
rallel lines  maylje  ruled  in  the  space  of  one  single  inch,  so  that  a 
liquarp  inch  of  gold  loaf,  weighing  i^e  of  a  grain,  may  be  cut  into 
jo.ooo  tiroos  io,ooo,or  100,000,000  pieces,  or  an  entire  grain  into 
,yoo,ooo,ooo   fragments — each  of  which  is  risible  by  means  of 
ihu  niicroarape.     Vet   tec  are  quite  sure  that  we  have  not   even 
Ipproachcd  the  iwsKihIe  limits  of  snbdivisioti,  because,  in  coating 
Ivcr  wire,  tlie  covering  of  gold  is  far  ttiiniicf  than  the  gold  leaf 
l)finally  attached  tci  it,  since  in  drawing  down  the  gilt  wire  the 
'fi)  cuatiaaet  to  become  thinner  and  thinner  each  time,  iu  pro- 
■t/Mi  M  thv  tiirer  wire  itsdf  is  roduccd  in  t\iu:\uii;*». 


^Tbeti  ft  substaucv  is  dissolved  in  any  liquid,  tlie  saLdiviaion  is 

curicd  atiU  further,  tind  tbc  ptirticles  are  reudeted  so  miuute  as  to 

'siApe  our  eyesight  even  wbeu  aided  by  the  must  powerful  magnifiers. 

(j)    i'aricliea  of  AUraction. — Mere  mechanical  subdivision,  or 

::u  the  more  perfect  separation  of  ttie  particles  which  compose  a 

inpound  body,  by  the    process  of  solution,  does    not,  however, 

■A^ux  to  put  US  ID  possession  of  the  simple  substances  Irom  which 

le  compound  is  formed.     A  piece  of  loaf-sugar  may  be  reduced, 

trituration,  to  an  impalpable  powder,  but  every  particle  of  that 

«dcr  will  still  bo  sugar:  it  may  be  dissolved  in  water,  but  each 

r.  ip  oTlbe  liquid  will  still  contain  sugar,  unaltered  except  in  appear- 

i-c.     Sugar,  however,  is  composed  of  three   elements — caj-bon, 

1  limgen,  and  oxygen  j  but  no  mere  trituration  or  solution  in  water 

mid  euabte  us  to  extract  any  of  these  substances  from  loaf-sugar. 

The  exteteuce  of  a  body  as  a  solid  in  one  coutinnous  mass  is 

ning  to  the  exertion  of  cohesion — a  force  of  considerable  intensity, 

bat  which  varies  in  diSerent  bodies,  and  by  this  variation  produces 

iftriedea  in   the  toughness,   hardness,  and  brittleness  of  bodies. 

But  the  power  which  unites  the  various  chemical  elements  to  form  a 

nevcompoimd,eDdowedffith  properties  entu'ely  different  from  those 

'(f  any  of  its  constituents,  is  of  a  different  nature  from  cohesion,  and 

I  J  moTV  subtle  kind.     Chemical  affinity,  as  this  force  is  termed,  is 

■.rted  between  the  smallest  or  ultimate  particles  of  one  element; 

li  the  corresponding  particles  of  the  other  elements  with  which 

M  associated  in    the  particular  compound  under  examination. 

iicse    ultimate  particles  are  often  spoken  of  as  atoms,  a    term 

-liioh  implies  that  the  particles  admit  of  no  further  subdivision. 

The  separation  of  a  body  into  its  constituents  is  the  business 
o\  ehtuacal  analysis,  and  it  has  for  its  object  the  determination, 
■ir^i,  of  the  nature  of  the  componettts — this  is  gualitalive  analysis ; 
-Kndly,  the  determination  of  their  quantity — this  being  quanti- 
.  five  au^yaia.  The  successful  performance  of  tlieae  operations  of 
:  lykis  requires  a  somewhat  extensive  acquaintance  with  the 
I  ncipln  and  the  facts  of  the  science,  combined  with  considerable 
-M  in  niBiiipulation. 

(6)   Generai  Characters  of  Acids,  Alkalies,  and  Salts. — It  will 

.  ilitttte  the  cumprehensiuu  of  the  remarks  on  chemical  affinity 

iich  are  about  to  follow,  to  allude  briefly  to  tbc  general  characters 

thrre  very  itaportant  classes  of  substances,  viz.,  adds,  alkalies, 

li)  saifg. 

Acidi  are  for  the  most  part  substances  which  are  soVvihle  \a. 

f  *uet,  h«w  «  soar  taste,  and  exert  such  an  acliou  ou  \e^"£\iW\ft; 

m^&tJourt  M  to  change  them  to  red.      Tor   example,  Vmttvoe 
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6  GENERAL   CHABACTEB8   OF   ACIDS    AND    ALKALIES. 

litmus,  which  is  of  a  blue  colour,  is  exceedingly  sensitive 
action  of  a  small  quantity  of  acid  :  jiaper  staiued  with  thi 
ture   is  iu  frequent  use  by  the  chemist  for  detectiug  the 
of  acids. 

An  alkali  is  a  substance  possessing  many  qualities  ei 
reverse  of  tbose  which  belong  to  an  acid.     It  is  soluble  in 
and   produces   a  liquid  which  is  soapy  to  the  touch,  and 
peculiar,  nauseoua  taste ;  it  restores  the  blue  colour  to 
iufusiouB  which  have  been  reddened  by  an  acid ;  it  turns 
these  blues  to  green,  as  in  the  cases  of  the  red  cabbage  and 
of  violets,  and  it  gives  a  brown  colour  to  vegetable  yelloi 
as  turmeric  and  rhubarb.     Litmus  paper  which  has  been 
reddened  by  an  acid  is  a  useful  means  of  showing  the  presenoB 
au  alkali,  and  is  more  sensitive  than  paper  stained  with 
or  with  rhubarb,  which  is  also  in  common  use  for  the  same  purpoM. 
These  difl'crcnt  lest  papers,  as  they  are  called,  show  whether  an 
acid  or  an  alkali  be  predominant  in  a  solution. 

Vinegar  or  acetic  acid,  oil  of  vitriol  or  sulphuric  acid,  spirit* 
of  salt  or  hydrochloric  acid,  aquafortis  or  uitric  acid,  are  familiar 
instances  of  the  class  of  acids.  Potash,  soda,  and  hartshorn  OT 
ammonia,  are  instances  of  well-knowu  alkalies. 

Both  acids  and  alkalies  are  remarkable  for  their  great  chemical 
activity.  The  metals,  compact  as  they  are,  may  be  dissolved  by 
the  acids.  Nitric  acid  attacks  copper  quickly  and  ^•iolentIy,  with 
brisk  efTervescence,  and  the  copious  escape  of  red  fnraes,  whilst 
blue  liquid  is  formed  from  the  action.  Sulphuric  acid  shows 
umilar  energy,  if  mixed  with  water  and  placed  iu  contact  with  iron 
or  zinc.  Moreover,  these  acids,  when  not  much  diluted  with 
water,  produce  sjieedy  destruction  of  the  skin,  and  of  nearly  all 
aiumal  and  vegetable  matters.  The  solvent  action  of  potash,  or 
of  soda,  is  not  less  marked.  Either  of  these  alkalies  destroys  the 
skin  if  allowed  to  remain  upon  it ;  and  also  gradually  dtssolvca 
])ortions  of  eartlienware,  or  of  glaze  from  the  >-esscU  which  contaia 
it,  and  the  solution,  if  suffered  to  fall  upou  n  painted  surface, 
quickly  removes  the  paint.  But  the  most  remarkable  property 
acida  and  alkalies  is  the  power  which  they  have  of  uniting  with 
each  other,  and  destroying  or  TKtilraliziTig  the  chemical  activity 
whieli  distinguishes  them  when  sejiarate. 
'  Some  of  these  properties  of  acids  and  alkalies  may  be  sub. 
i  mitted  to  experiment  by  means  of  a  coloured  vegetable  solution, 
Laucb,  for  example,  as  the  purplish  Uquid  jireparud  by  slicing  a  rod 
(tabbi^  and  boiling  it  with  water.  If  a  quantity  of  this  infusion 
m  diridcd  iato  iiro  portions,  and  to  the  one  \«i  ttdAcA  »  (\mn\\l\\'j 


lACTEBS   OF    ACIDS,    ALKALIES,    AND    BALTS. 


TiHTatcd  Boliilmric  acid,  a  red  liquid  is  obtained;  and  if  to  the 
'iipf  ■  volution  of  potash  he  added,  a  liquid  of  a  green  coiutir  is 
rroed;  then,  on  gradually  adding  the  alkaline  solution  to  the 
itinr,  atirriRg  the  mixture  constantly,  the  green  colour  of  the 
:  irtiuOB  first  added  instantly  disappears,  and  the  whole  liquid 
-  luaiiis  red  ;  as  more  and  more  of  the  alkali  is  added,  the  red  by 
''jTtxi  passes  into  purple,  and  on  continuing  to  add  the  alkalioe 
Jution,  a  point  is  attained  when  the  liquid  has  a  clear  blue  tint ; 
•t  this  noraent  there  is  neither  potash  nor  sulphuric  acid  in  excess 
in  th<  tiqnid,  the  two  have  chemically  united  with  each  other. 
The  characteristic  properties  of  both  have  disappeared,  and  on 
empumting  the  solution  at  a  gentle  heat,  a  solid  crystalline  sub- 
itauiue  is  obtained,  resulting  from  the  combination  of  the  sulphuric 
wid  with  the  potash.  This  substance  is  the  salt  called  sulphate 
tt/polash.  Any  compound  produced  by  the  uuion  of  an  acid  with 
tu  alkali  is  termed  s  sail. 

It  must  not  he  supposed  that  all  acids  closely  resemble  tho^e 

wbich  hsTc  been  just  mentioned,  and  which  are  freely  soluble  in 

water;  some  acids  on  the  contrary,  are  but  slightly  soluble;  such 

for  tDstance   is  arsenious  acid,  the  white   arsenic  of  the  shops: 

other  acids  are  not  at  all  soluble :  silica,  or  common  flint,  is  a  true 

irid,  although  it  may  remain  undissolved  in  water  for  ages.     The 

leading  character  of  an    acid,  in  a  chemical  sense,  is  its  power  of 

nuiiiug  «ith  alkalies  to  form  salts;  and  this  character  is  possessed 

by   silica,  iu  common  with    various   other    bodies   not    familiarly 

regarded  aa  acids.     Of  course  if  an  acid  be   insoluble  it   has  no 

HiBvraesa,  and  is  without  action  on  vegetable  blues. 

^b      There   are  no  alkalies  which  are  insoluble,  but  there  are  sub- 

^Htanoes   which   greatly  resemble    them    which  are  but   sparingly 

'      *^lablp,  such  as  lime  and  baryta  ;  these  are  termed  alkaline  narl/ui. 

]  irre  are  also  numerous  other  substances,  compounds  of  oxygen 

i!h   the    metals,  termed   ojides,  such   for   instance   as   oxide    of 

tilver,  oxide  of  iron,  and  oxide  of  lead,  which   are   insoluble  in 

Icr^  bat  which  are  easily  dissolved  by  acids,  with  which  they 

■  cryatalliDe  compounds  or  salts.     With  nitric  acid  the  oxide 

jr^Qver  forms  nitrate  of  silver ;  with  sulphuric  acid  oxide  of  iron 

I  to  form  green  vitriol  or  sulphate  of  iron;  with  acetic  acid 

ide  of  l«»d  combines  and  forms  sugar  of  lead  or  acetate  of  lead. 

|p  •abntaiux  which  thus  unites  with  acids  and  neutralizes  them  is 

1  a  itue,  whether  it  be  soluble  in  water  or   not ;  hence  the 

constitute  one  subdivision  of  the   more  numerous  class 

m  kaowa  as  bases. 

I  Cfarac/tnr  o/ C/ioahfif  Affinity.— C\itm\cA  a'Smitt.'s  \%  fti*. 


KMCTION  between   MISTrRB  AND  CBEMIC.U.  COMBlSATrOX. 

tinguished  by  well  marked  characters  ii-ota  other  kinds  of  liKoe 
which  act  within  minute  distauces. 

1.  Chemical  affinity  is  exerted  within  its  own  limits  with  i 
I  tense  energy,  but  beyond  those  limits  it  is  entirely  powerless.    An 

iron  wire,  for  example,  which  will  support  a  weight  of  looolh. 
without  breaking,  will  yet  in  a  few  minutes  yield  to  the  almost 
noiseless  action  of  a  mixture  of  nitric  acid  and  water ;  the  stab- 
barn  metal  will  be  dissolved,  and  a  clear  solution  of  the  metallic 
mass  will  be  formed — particle  by  particle  of  the  metal  will  be 
detached  from  the  wire,  and  no  vestige  of  its  structure  or  teoaoitjr. 
will  remain.  It  is  rarely  possible,  by  trituration  or  other  me(dia> 
nical  means  to  bring  about  a  sufficient  approximation  amongst  tha 
subdivided  particles  to  produce  chemical  action.  Tartaric  acid, 
and  carbonate  of  soda,  each  in  the  form  of  a  dry  powder,  may  b« 
incorporated  by  grinding  for  hours  in  a  mortar,  but  they  will  not 
act  chemically  upon  each  other:  it  is  not  until  a  more  intimate 
contact  is  effected  by  the  addition  of  water,  which  dissolves  tbe 
particles  of  both,  and  allows  them   mutually  to   approach   closer, 

]  that  the  brisk  effervescence,  due  to  the  expulsion  of  the  carbonic 
add  gas,  occurs,  which  indicates  the  union  of  the  soda  with  which 
it  was  previously  in  combination,  with  the  tartaric  acid, 

A  striking  illustration  of  the  difference  between  the  efR'CtB  o( 
mechanical  intermixture   and   those  of  chemical    combination 

1  the  case  of  ordinary  gunpowder.  In  the  manufacture 
of  this  substance,  the  materials  of  which  it  is  made,  viz.,  charcoal, 
sulphur,  and  nitre,  are  separately  reduced  to  a  state  of  I 
powder ;  they  aie  then  intimately  mixed,  moistened  with  water, 

>  and  thoroughly  incorporated  by  grinding  for  some   hours    ueder 

I  edge  stones;  the  resulting  mass  is  subjected  to  intense  preasun^ 
and  the  c^kes  so  obtained,  after  being  broken  up  and  reduced  lOu 
grains,  furnish  the  gunpowder  of  commerce.  In  this  state  it  is  a: 
simple  mixture  of  nitre,  cliarconl,  and  sulphur.  Water  will  ' 
ont  the  nitre,  bisulphide  of  carbon  will  take  up  the  snlphui 
the  charcoal  will  be  left  undissolved.  By  evaporating  the  water, 
the  nitre  is  obtained  ;  and  on  allowing  the  bisulphide  of  carbon  t 
volatilize,  the  sulphur  remains.     If,  however,  we  cause  the  mot* 

■  rials  to  cuter  into  chemical  combination,  all  is  changed  ;  &  eparic 

1  the  powder ;  the  dormant  chemical  affinities  arc  called  into 

tion,  a  Iiu-ge  volume  of  gaseous  matter  is  produced  ;  the  charcoal 

idisapposrs,  and  no  trace  of  the  original  ingredients  which  ibrmad 

Bithe  powder  ia  left. 

2.  Chemicai  affinity   must    from    its  very   nature  be  exertildi 
ifftroea  disaimilAr  substances.      No  maiHfostalum  ol  ti«»  teifltw 
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t  place  between  two  pieces  of  iron,  two  pieces  of  copper,  or  two 
•  of  sulphur;  bat  bidwcen  sulphur  and  copper,  or  sulphur 
bron,  chemical  action  of  the  most  eoergetic  kind  may  oocur.* 
fleitcralty  speaking,  the  greater  the  difference  in  the  properties 
J  ibc  two  bodies,  the  more  intense  ia  their  teiideucy  to  enter  into 
.. jaibioatioo.  The  metals,  as  a  class,  differ  as  widely  from  the 
!>a4»  &a  poaaible,  hut  the  acids  rapidly  dissolve  the  metals.  Copper, 
:<ir  iiHtaoce,  is  briskly  attacked  by  nitric  acid,  iron  by  diluted  sul- 
5'huric  acid,  and  so  on.  Between  bodies  of  a  similar  character, 
:!ie  tendency  to  union  is  but  feeble.  For  example,  two  metallic 
bodies,  copper  aud  zinc,  will,  under  the  influence  of  a  high  tem- 
)>t-mtuic,  unite  and  form  brass, — an  alloy,  the  properties  of  which 
ire  inter  mediate  between  those  of  its  coustituents ;  but  brass,  on 
Ixing  heated  strongly,  may  be  again  separated  into  copper,  which 
una,  and  into  zinc,  which  nearly  all  passes  off  iu  vapour. 
3.  Another  of  the  most  remarkable  features  of  chemical  affinity 
e  entire  change  of  properties  which  it  occasions  in  both  the 
B  dealt  with, — a  change  which  no  a  priori  reasoning  could 
tMj  predict.  If  the  blue  liquid  obtained  by  dissolving  copper 
Bldtnc  acid  he  cvajnrated,  a  blue  crystalline  salt  which  has  no 
mblance  either  to  the  acid  or  to  the  metal  will  be  procured. 
Then;  is  an  equally  striking  difference  between  the  tough,  metallic, 
iiimluble  iron,  aud  the  corrosive  oil  of  vitriol,  and  the  heautiful 
Jline,  green,  soluble,  inky  tasted  salt  which  is  produced  by 
r  combination. 
.  Tbe  next  important  peculiarity  of  this  power  which  may  be 
I  tliat  it  is  exerted  between  different  kinds  of  matter  with 
rent  hut  definite  degrees  of  force.  Nitric  acid  will  oxidize, 
re,  and  combine  with  most  of  the  metals,  such,  for  instance, 
er,  mercury,  copper,  and  lead ;  but  it  unites  with  them  with 
f  different  degrees  of  intensity.  With  silver  the  combination 
•  powerful  than  with  mercury,  less  so  with  mercury  than  with 
;  and  with  copper  leas  again  than  with  lead. 
is  fact  may  easily  be  determined  by  dissolving  half  an  ounce 
ate  of  silver  in  half  a  pint  of  water,  and  pouring  into  it  a 
il  quantity  of  clean  mercury ;  in  a  few  days  a  beautiful  crystal- 
lon  of  metallic  silver  will  be  obtained,  whilst   a  corresponding 


chemiitH,  however,  m  will  be  Been  Lereafter,  the  isolated  bodies 
Tiewed  M  eloraenU  havo  been  regarded  aa  compounds,  the  Btoms  of 
t  of  nortjdes  of  the  same  element  id  op^wsiCo  polar  or  electrical 
SyarogeneHg,  for  /ncIaBce,  ia  regarded  as  kyaricl*  1^  htjAxaarAt 
\a  afhjdrogea  nidi  hydrogen;  eliloriiie  gas,   as  cliUrid«  nf  I 
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• 

quantity  of  mercury  will  have  become  dissolved^  and  will  have 
combined  with  the  nitric  acid  previously  in  union  with  the  silver. 
In  a  similar  manner,  mercury  may  be  displaced  from  a  solution  of 
nitrate  of  mercury  by  a  strip  of  metallic  copper ;  and  copper,  in  its 
turn,  may  be  displaced  by  a  piece  of  lead  introduced  into  a  solution 
of  nitrate  of  copper.  From  a  solution  of  nitrate  of  lead,  zinc  will, 
in  like  manner,  displace  the  lead,  which  will  be  deposited  in  beau- 
tiful  crystals. 

Indeed,  the  di£ferent  elements  may  be  arranged  in  tables  indi- 
cating the  order  of  their  affinity  for  any  one  element  which  is 
placed  at  the  head  of  the  list.  For  example,  in  the  first  column 
of  the  following  table,  several  of  the  more  important  metals  are 
arranged  in  the  order  in  which  they  exhibit  a  tendency  to  combine 
with  oxygen, — the  metal  which  stands  at  the  head  of  the  list  having 
the  strongest  affinity,  that  which  stands  second  the  next,  and  so  on 
to  the  one  mentioned  last,  in  which  the  affinity  is  the  weakest : — 

Order  of  Affinity ^  or  of  Displacement. 


OXYGEN. 

SULPHURIC   ACID. 

Potassium. 

Baryta. 

Zinc. 

Potash. 

Iron. 

Soda. 

Tin. 

Lime. 

Lead. 

Ammonia. 

Copper. 

Oxide  of  Zinc. 

Mercury. 

Silver. 

Gold. 

Platinum. 

Similar  tables  may  be  formed,  exhibiting  the  tendency  of 
iM»niK>und  bodies,  such  as  bases,  to  combine  with  other  compounds, 
»uoh  «»  acids.  In  the  second  column  of  the  foregoing  table,  the 
>  Hi'ioutt  ba»e«  are  arranged  in  the  order  in  which  they  displace  each 
v^lhtHT  when  combined  with  sulphuric  acid. 

^\.  Theso  experiments  on  the  displacement  of  one  metal  by 
lvuvxU^«sr»  fVirther  show  that,  although  in  combination,  the  properties 
v^f  I W  iHUnponentt  are  masked,  and  to  all  ordinary  observation  the 
^^^^»titWI»4lta  kl^ve  entirely  disappeared,  yet  they  really  exist  in  the 
WH^^^^  MmI  em  be  again  reproduced  in  their  original  form  by 
inkkiit  MUmy  Dl«  Mtetmoe  with  which  ihej  bad  combined. 


Flo.  1. 


NATION    OF   CHEUICAL 

,!icmieal  combination  occurs,  no  destruction  of  the  Ixidies  so 
i-tcriug    into    combination    ever    ensues.       However  mui^li    the 

i.'.aienala  may  change  their  form,  the  weight  of  the  new  products, 
:'  i>>UecU>d  and  examined,  will  be  found  to  be  exactly  equal  to  that 
f  the  substances  before  combination.  The  following  experiment 
hoirs   that,  even   although   the  substance  may  vanish  from   our 

-  jht,  it  continues  to  exist  as  a  gas,  which  has  the  same  weight  as  the 
i  lid  wbich  fiirnished  it : — Into  a  glass  Bask  A  (fig.  2),  of  about  250 
jfjic  inches  capacity,  aud  which   is  pro- 

-.  iiJcd  with  a  brass  tap  and  stop-cock,  in- 
niddce  10  or  12  grains  of  gun-cotton  j 
tiacli  the  flask  to  the  air-pump,  exhaust 

■  •  Tcnr  completely,  and  afterwards  weigh 
I.     Then  set  fire  to  the  cotlon  by  means 

v(  a  Toltaic  current  sent  through  the  wires, 

a  A,  which  are  insulated  from  each  other 

Mid  from   the  cap  of  the  instrument,  by 

pi.'ising  through  a  Tarnished  cork.     The 

■  ■tton  will  entirely  disappear  with  a  bril- 
laiit  Sash,  and  the  Bask,  if  weighed  again, 
-li  be  found  to  be  as  heavy  as  it  was 
■'^fwre  the  cotton  was  fired, 

6.  There  are  two  modes  in  which  chemical  compounds  are 
;  nncd ;  the  simplest  is  that  where  the  two  substances  unite 
-irectly  tf^tber,  as  when   hydrogen  bums  in  air,  and,  by  direct 

nion  with  oxygen,  produces  water;  or   when   an   acid   and   an 
-ikali,  such  as  hydrochloric  acid  and  ammonia,  combine  and  pro- 

i'?e  a  salt.     This  mode  of  combination  usually  prevails  between 
'  ■lie*  which  huve  a  powerful  teudency  to  unite. 

Tlie  other  mode  in  which  compounds  are  formed  is  still  more 

innion  ;  it  occurs  where,  in  a  body  already  formed,  one  of  the 
'  prcdieots  of  that  body  is  displaced  by  another  substance,  and  anew 

'iiipoand  is  the  result.  The  instances  already  specified, in  which  one 
'  r'lal  prct^ipitntcs  another  from  its  solution,  are  cases  in  which  new 

■  -iiist  arc  produced  by  the  displacement  of  one  of  the  substances'in 

mil  previously  formed.  This  method  of  forming  compounds 
■  rnent,  or  subslilittion,  is  one  of  great  importance  ;  and 
.>rits  various  modes  of  action  is  rapidly  contributing  to 
B  oiscovery  of  many  subtle  processes  concerned  in  the  chemistry 
inii«d  beings, 
y.  Chinnical  combination,  in  a  large  proportion  of  cases,  dofts 
WW  spoil laiieously.     A   heap  of  charcoal  ma^  tCTOam 
/»  lAe  air  fur  years;  hut,  if  a  few  jiecea  V  lag-ic  tc\ 
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hot,  and  Oipn  be  thrown  upon  the  heap,  chemical  action  will  T» 
commenced  by  the  licat,  and  it  wiil  coatinuc  until  the  whole  1 
,  is  burned  ;  that  is,  the  chemical  action  between  the  oxygen  of  the 
I  ifcir  and  the  charcoal  will  continue  as  long  as  any  charcoal  remiuiu 
I  unacted  on.  In  other  instances,  however,  the  chemical  effect* 
I  tpgin  without  the  application  of  any  extraneous  force,  A  lat  of 
[  phosphonis  begins  to  burn  slowly  the  instant  it  conies  into  tha 
[  atmoMphere,  aud  in  warm  weather  it  speedily  bursts  into  a  blaxe. 
8.  Whenever  substances  unite  directly  with  each  other,  heat 
emitted,  and  the  more  rapidly  the  union  is  effected,  the  la 
\  is  the  quantity  of  heat  emitted  in  a  given  time,  until,  in  some  c; 
[  it  rises  80  high  that  ignition  and  combustion  ensue;  light  as  wcU 
a  heat  being  abundantly  extricated  when  the  temperature  attains 
I  a  sufficient  degree,  as  all  solid  substances,  when  heated  beyond  I 
L  certain  point,  become  luminous. 

■When  comiKumds  are  formed  by  substitution,  the  liberation  ol 
i  heat  is  always  much  less,  and  is  sometimcB  not  perceptible  without : 
I  Bpecinl  contrivances. 

Very  frequently  the  physical  state  of  one  or  of  both  the  bodies  ' 
which  enter  into  combination  is  altered  by  the  operation  of  chemical 
affinity.  Two  solids  may  become  converted  into  a  liquid ;  two 
li()nidH  may  become  solid,  or  even  two  gases  maybe  reduced  toths 
tiolid  form.  Dillcrcnccs  of  state  are  therefore  not  iu  all  cases  dm 
to  diffei'cuces  of  tcnii>erature;  differences  iu  the  chemical  arntngO' 
mcnt  of  the  particles  are  equally  important  in  bringing  abont 
physical  differences  of  conditiou. 

The  foregoing  leading  characters  by  whicli  chemical  alGni^  it 
distinguished  from  other  forces,  may  be  thus  summed  up  in  a  fin) 
words. 

Chemical  aHinity  ia  a  power  of  extreme  energy,  which  acts  onlj 
on  the  minutest  particles  of  matter,  and  at  distances  too  itmall  to  b 
perceptible  by  our  unaided  setises.  Under  its  influence  the  compi 
lively  few  elementary  bodies  arrange  themselves  into  the  numberle 
compounds  which  constitute  the  different  forms  of  matter  around  V 
Affiuity,  from  its  very  nature,  operates  only  between  the  particla 
of  di«*imi]ar  kinds  of  matter,  and  by  its  exertion,  produces  nci 
jiroiicrtics  in  the  resulting  compound.  It  exists  between  differeu 
kind*  of  matter  with  different  but  dcfioite  degrees  of  iutenBity 
K  a  rtvult  of  its  o])erationa,  no  deftruetion  of  matter  occum  iu  tti 
tnntcrinU  submitted  to  its  influence;  there  ifcouHctiueutiy  no  lo€»fl 
¥rvl|[ht,  hut  men;  change  of  form.  The  act  of  combination  ma 
[  t>H>M'r  wcur  ttiittaotly  on  mixture,  or  may  be  indefinitely  postpone 
'  other  fonx,  such  ua  heat,  coos^ina  to  co;u)uca<£i^  i\ 
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'I'Wi.  Compounda  may  be  formed  either  by  the  direct  uniou  of 
1  ir  tngreiiicnts,  or  by  the  displacement  of  cue  suljstance  by  a 
I't-rcHt  one  iu  a  conipouud  previously  formed ;  and  lastly,  lieat 
1  li^iht,  in  amount  proportioned  to  the  rapidity  of  the  action,  are 
iifrrally  emitted  in  eases  of  the  direct  uniou  of  the  constituents. 

(8)  Lawn  of  Comhinalion.— The  relative  proportion  in  which  the 
ifiaent  elements  unite  is  regulated  hy  iised  laws.  These  itnpor- 
■It  law*,  which  are  three  in  number,  regulate  the  mode  of  combi- 
.'.lOU  of  every  known  chemical  compound.      These  are  usually 

Tucd  Ifir  lauft  of  chemical  combination. 

[9)  The  first  of  these  laws  is  the  law  of  Definite  Proportionn, 
l.ich  although  of  great  simplicity,  is  one  of  fuudamental  importance 
I  ilie  science  of  chemistry.  This  law  may  be  stated  in  very  few 
irds;  it  is  as  follows — In  every  chemical  compound  the  nature 
'■I  the  proportions  of  its  constituent  elements  are  fixed,  definite, 

■  -il  invariable.      For  instance,  100  parts  of  water  contain  88-9  of 

■  y^a  and  ii'i  of  hydrogen.  Whether  water  be  derived  from 
. '  snows  of  high  mouiitainSj  or  from  rain-clouds,  or  from  dews, 
r  trmn  direct  chemical  action,  as  in  the  burning  of  a  lamp  or  candle, 
-  composition  is  uniform  and  certain.  So  also  a  piece  of  flint,  or 
'  rock  cnalai,  in  whatever  part  of  the  world  it  be  fwund,  will,  oil 
,  ilysis,  yield  in  every  100  parts,  46-6  of  silicon  and  ^y^  of  oxygen. 
,  fact,  the  existence  of  the  law  of  definite  proportions  gives  value 

,  ..-.■... ;^^  i,y  giving  certainty  and  uniformity  to  its  results.    Mere 

il  intermixture  b  at  once  disliiigiiiiihed  from  true  chemical 

1  .11  by  the  absence  of  all  regularity  iu  the  proportions  of 

,j:j.in5    that  have   been    mingled;  aud    in    the    same    manner 

innical   affinity   stands  strongly   contrasted    with  that  kind  of 

Itiiaion  which  produces  the  solution  of  solids  in  a  liquid. 

(lol  The  second  law  of  combination  is  usually  termed  the  law 

■  Multiple  Proportions.  It  frequently  happens  that  a  pair  of 
i  -mratary  bodies  unite  together  in  more  than  one  proportion. 

'i-inuds 80  obtained  are  very  different  from  each  other;  but 

iii  a  uniformity  iu  the  plan  upon  which  these  compounds 

'.,  and  the  proportions  of  the  two  elements  in  each  are 

■  -imply  related.      The  law  of  multifile  proportion  may  be  thus 

i^tjjd  : — If  Iwo  elements,  A  and  B,  unite  together  in  more  propor- 

«*  than  one,  on  cojnparing  together  quantities  of  the  different  com- 

"tii4,  euch  of  which  contains  the  same  amount  of  A,  the  quantities 

:  U  wiU  hear  a  very  simple  relation  to  each  other  ;  such  as 

A+B.     A-f-aB,     A+5B,     A-1-4B,  8m:.; 

jA^jR,       2A+sB,       2A  +  7B,   Sic; 

or,A-hB,     A+3B,     A  +  5B.  Sec. 
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Water,  for  iDstance,  is  a  compound  of  oxygen  and  hydrogen ; 
in  ICG  parts,  by  weight,  there  are,  as  akeady  mentioned,  88*9  of 
oxygen  and  ii'i  of  hydrogen.     But  there  is  another  compound  of 
oxygen  and  hydrogen  known  to  chemists,  termed  the  binoxide  of 
hydrogen.     By  analysis  it  has  been  found  that  100  parts  of  this 
body  contain  94*1  of  oxygen  and  5-9  of  hydrogen.     Now,  on  com- 
paring together  the  quantities  of  oxygen  which  in  these  two  com- 
pounds are  united  with  an  equal  quantity,  say  i  part,  of  hydrogen, 
it  is  evident  that  in  water,  for  i  part  of  hydrogen  there  are  8  parts 
of  oxygen, — 

since  ii*i       :       88*9       :  :       i       :      8 

and  by  a  similar  process  it  is  seen  that  in  the  binoxide  of  hydro- 
gen, for  I  part  of  hydrogen  16  parts  of  oxygen  are  present — 

5*9       :       94*1       :  :       i       :       16 

the  quantity  of  oxygen  combined  with  the  hydrogen  in  the  bin- 
oxide being  just  double  what  it  was  when  combined  with  the  same 
quantity  of  hydrogen  in  water. 

A  similar  simple  proportion  between  the  quantities  of  the  com- 
bining elements  is  found  to  hold  good  in  every  series  of  compounds 
formed  by  the  union  of  two  elements  with  each  other.  A  certain 
quantity  of  one  of  the  elements  combines  with  a  certain  quantity  of 
the  other :  in  the  next  compound  with  twice  as  much  as  in  the  first ; 
in  the  next  with  three  times ;  in  the  next  with  four  times  that 
quantity,  and  so  on. 

An  excellent  example  of  this  regularity  is  afibrded  by  the 
series  of  compounds  which  nitrogen  forms  with  oxygen ;  these 
compounds  are  5  in  number,  aud  they  have  been  found  to  contain 
in  100  parts  the  following  proportions  of  their  constituents,  those 
which  contain  least  oxygen  standing  first : — 

Oxygen.        Nitrogen. 
Protoxide  of  nitrogen    .     .     .     36*36  63*64 

Binoxide  of  nitrogen 

Nitrous  acid 

Peroxide  of  nitrogen 


Nitric  Acid 


53*33         4667 
6315         3^'^5 


69*5^         3044 
7407         2S'^3 


Now  on  comparing  with  each  other  quantities  of  these  different 
compounds  which  contain  equal  amounts  of  nitrogen,  it  will  be 
A}uad,  taking  them  in  the  order  in  which  the  compounds  stand  in 
6e  table,  that  the  quantity  of  ozjrgen  incEeaaet  mikie^Bf^'gotVAoii  ^ 


i3-     "^  thf  protoxide  the  quantity  of  nitrogen  com- 
bined with  8  parts  of  oxygen  is  14 : — since 


1 


3«ygen. 

?)itrogeD. 

3636 

:       63-64 

53-33 

:       46-67 

«3I5 

:       36»5 

69.56 

:        30-44 

74'07 

■       »5'93 

40        :        14 

tic  oxTgen  iucrea^ing  in  the  proportion  of  8,  twice  8,  3  times  8, 
4  timet  8,  and  5  times  8. 

Sometinice  the  proportion  iu  which  the  elements  unite  is 
'  if  her  less  simple,  two  proportions  of  one  element  combining  with 
,  j,  or  7  of  the  other. 

This  important  Inw,  which  was  first  clearly  established  by  Dalton, 

—  explained  by  him  by  means  of  his  Atomic  Theory.     Upon  this 

rothesis  the  ultimate  particles  of  each  clement  are  considered  to 

'.  tiuiform  in  size  and  in  weight  for  that  element,  and  moreover  to 

incapable  of  further  subdivision.    When  bodies  unite  chemically, 

-  ihe  particles  of  the  same  clement  have  all  the  same  size  and  rela- 

i-  weight,  the  proportious  in  which  they  combine  must  be  definite  ; 

■'.  furllicr,  if  tliey  iiuite  in  several  different  propoitious,  those 

tjjCK-tiuus  must  be  simply  related  to  each  other.      Thus,  water 

■.   bt'  ■.■onceived  to  be  a  compound  in  which  each  separate  particle 

.  is  united  with  a  single  particle  of  oxygen ;  and  binosidc 

_  -ii  would  be  represented  as  consietiug  of  a  combination 

ules  of  oxygen  with  each  particle  of  hydrogen  ;  protoxide 

iiu-ugvQ  would  be  a  compound  of  i  particle  of  nitrogen  with  1 

riicle  of  oxygen  ;  and  nitric  acid  a  combination  of  i  particle  of 

;rugcn  with  5  particles  of  oxygen, 

{11)  Tltift  explanation  will   simplify  the  consideration  of  tbe 

.  rd  law,  which  is  usually  known  as  the  Law  of  Equivalent  Pro- 

HoMt.       It  may  he  stated  as  follows  : — Each   elementary   sub- 

M-e,  m  camhining  with  other  elements,  does  no  in  a  fixed  propor- 

'.  which  Biay  be  represented  numerically. 

If  a  certain  proportion  of  an  clemeut.  A,  unite  with  certain 

i.i-r  fucJ  cjuantitics  of  different  elements,  B,  C,  D,  &c,,  to  form 

ujioaads  AB,  AC,  AD,  &c.,  the  quantities  of  B,  C,  and  D  which 

i-uite  with  A  will  also  be  the  quantities  in  which  B  and  C,  C 

.  D,  combine  to  form  compounds  BC,  BD,  CD,  i 

lliis  princi|de  of  etjuivaleut  proportion  may  be  illustrated   by 

;Ji3tncc  to  Ihc  e.xperiiaentji  upon  tbe  displaccme.nt  of  iW  raeXiiia 

•  solatiaaa  of  their  nitrates  by  the  iutroduction  of  some  o\Wi 
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S>iVlVALENT  PROPORTIONS. 

::c  ^ii::::^  ^:t  whioh  for  the  acid  is  stronger  than  that  of 

>,.    %  :-\  w^oh  it  is  already  combined.     When  a  bright 

•  .   K-  s  :  ::r.v.;u\\l  into  a  solution  of  nitrate  of  silver,  the 

.••\i.'^'  yijikV*,  owing  to  the  stronger  chemical  attrac- 

1..-C  icivl  tor  the  copper  than  for  the  silver;  part  of 

>   :i:^'^k,v..  nitrate  of  copper  is  formed,  and  a  corre- 

i^  ...i  .   :>  v'r  silver  is  deposited.     On  making  the  experi- 

•  xiv  ..4  \c  s-^irw  it  is  found  that  for  each  317  grains  of 

c.^  .^T.   .o>  of  silver  are  separated  in  crystals.     In  a 

.  •»  !c:!  .t  strip  of  lead  is  placed  in  a  solution  of  nitrate 

*  :v  .A*ac:  w>t'  metallic  copper  is  separated,  and  for  each 
%..  >  \  AN'ivr  thn>wn  down,  103*6  of  lead  will  have  been 

*  ♦  >..  \tstly.  a  strip  of  zinc  in  a  solution  of  nitrate  of 
'^siv    : :  "  iruins  iu  weight  for  each  103-6  grains  of  lead 

.v.^.  •  A-^  u;vn  it*  surface. 

:>  M.'<'vs  of  experiments  we  learn  that  diflferent  but 
,  .  t.v  M  V  N  s»:'  the  various  metals  are  capable  of  displacing 
,  ^.      \^       .ivi\*tirs  that  108  parts  of  silver,  317  of  copper, 

of  zinc,  are  each  cajmble  of  exactly  supplv- 
•lu*  other,  in  combination   with   one  uniform 
s»:'  uitrie  aeid ;  and,  in  chemical  language,  these 
..,  ^.  :  v*x  of  the  metals  are  said  to  be  equivalent  to  each 
*,    .u.o  viil  v\aivalent  therefore  represents  the  numerical 
,    ..*»<  .NCtvui  which  is  capable  of  supplying  the  place 
.,^^'..v?*  .^  .;!!,iutity  of  any  other  clement.     Now  it  is 
\,     I..      \^*  ii'.iiuliers  represent  not  only  the  quautity  of 
•  cv\   :s  eapable  of  being  substituted  for   other 
,.^    .,    1*0  jsArtioular  compounds  with  nitric   acid  just 
.  ,    \..     >v'%  i\-pix*srnt  also  the  proportions  (or  a  simple 
*    "^s*  ;"A*jvriious)  in  which  these  elements  unite 
,,..^.vv^  *'-'»''^  ''»**J*  ^  combine  with  each  other.     But 
K^  A'v.x^rth'ut  quantities  of  the  elements  cannot  be 
'  %  xi',v.\>le  manner  by  direct  substitution,  and  in 
.V  •  >N^   aw.u-m*  i*  liad  to  indirect  processes,  such  as  the 
^    *^o  wHvrtiou  in  which  each  element  unites  with 
,   ,,  ^•-^^^  othiT  element,  such  as  oxygen. 

y  MV.v<*^i  y ambers, — Chemists  are  in  the  habit 
,  .  .^^;.;j:*  obtaininl  by  analysis  to  the  proportion  con- 
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KQOIVALBNT    PROPORTION*. 

mi  to  bTiow  that  the  quantitj  of  oxygen  is  not  tLe  same  i: 
U«  differeut  compounds ;  but  the  method  of  stating  the  result  is 
Dot  the  one  best  adnpted  to  exhibit  the  nutnerical  relations  in  their 
Binplest  form.  These  relations  are  rendered  much  more  evident 
ku  the  ibUowing  wny.  Having  ascertained  tlie  proportion  of  each 
OMtitttueat  in  lOO  ports  of  the  various  compounds  which  each 
flcmcntaiy  body  forms  when  it  combines  with  osygen,  determine 
bj  cilcnlatioti  the  proportion  in  which  each  element  unites  with 
(he  same  /ixed  quantity  (say  8  parts)  c/  oxygen.  A  series  of  pro- 
perdgoal  numbers  will  thus  be  furnished  which  will  represent  the 
ntios  iu  which  each  of  tlie  elements  combines  with  oxygeu.  In 
Ikii  manner  it  will  be  seen  that  in  water,  for  each  8  parts  of 
Hqrgen  t  part  of  hydrogen  is  present : — 

for  88-9  :   in    :  ;  8  :  i; 

1!  lime,  for  each  8  parts  of  oxygen,  20  of  calcium  are  present : — 

for  2858  :    7r43  r  :  8  :  30; 

-  id  ui  potash,  for  every  8  parts  of  osygen  there  are  39  of  potas- 

for  17-01  :  Ba'jS  :  :  8  :  39; 

■<  if  hydrogen,  20  of  calcium,  and  39  of  potassium,  are  the  equi- 

ui^nt  quantities  of  each  of  these  bodies,  which   combine   with 

parta  of  oxygen. 

On  tlie  continent,  many  chemists  still  follow  the  example  of 

—  -'"-,   and   assume   lOO  parts    of   oxygen    as    the    standard 

uj  which,  in  all  such  calculations,  reference  is  made.     The 

I'-'  this  plan  is,  that  the  numbers  thus  obtained,  and  to 

jiifi  iLiVrence  is  constaiitly  required,  are  inconveuiently  large, 

li  consequently  more  difficult  to  retain  in  the  memory,  besides 

qtieutly  involving  fractional  quantities  :  the  number  for  hydrogen 

I  this  ecale  is  represented  as  1 1'j. 

Iu  this  country  the  combining  number  of  hydrogen  is  made 
'■'•  unit  of  comparison,  a  system  which  has  many  advantages,  and 
:iich  i«  adopted  both  by  Liebig  and  Dumas,  and  generally,  in 
rmany.  Hydrogen  combines  with  oxygeu  in  a  smaller  proportion 
ill  any  other  known  substance,  and  the  numbers  represeutlug  the 
— -}-!\\\  of  all  other  bodies  may,  for  practical  purposes,  without 
irror,  be  taken  as  multiples  by  whole  numbers  of  the 
■  of  hydrogen.  Tlie  equivalent  of  hydrugenon  tVviawiBie 
1  MS  onepait  of  hydrogen  is  united  in  water  with  o^ac^X'j 
kptut*  ofoxvgca,  the  equivalent  number  for  oxygen  "\»  &. 
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TABLE   OF  EQUIVALENT   NUMBERS. 


In  the  following  table  the  elementary  substances  are  arranged 
alphabetically,  with  the  symbol  (15)  used  by  chemists,  afiBxed  to 
each ;  the  numbers,  as  actually  determined  by  careful  experiment, 
both  on  the  hydrogen  and  oxygen  scale,  are  given  for  convenience 
of  reference,  but  the  numbers  on  the  hydrogen  scale  will  be 
adopted  in  this  work.  A  large  proportion  of  the  numbers  are 
cither  exactly  multiples  by  a  whole  number  of  the  equivalent  of 
hydrogen,  or  they  differ  from  such  multiples  so  slightly  as  to  fall 
within  the  limits  of  differences  due  to  experimental  errors.* 

The  numbers  on  the  oxygen  scale  may  readily  be  converted  into 
those  on  the  hydrogen  scale,  by  dividing  the  oxygen  numbers  by 
1 2'5,  or,  what  amounts  to  the  same  thing,  by  multiplying  the 
oxygen  numbers  by  8  and  dividing  by  joo.  The  numbers  of  the 
hydrogen  scale  if  multiplied  by  iv^,  give  the  corresponding  values 
on  the  oxygen  scale. 

The  names  of  the  elements  which  from  their  rarity  may  be 
regarded  as  unimportant  are  given  in  Italics. 

Table  of  Elementary  Substances  with  their  Equivalents  or 

Atomic  Weights  and  Symbols. 


Elein«nt. 


Aluminnm 

Antimony  (Stibium) 

Arsenicum 

Darium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cvrium 

Chlorine 

Chromium 

Cobalt 

Copi>or  (Cuprum) 

Dldifmiutn 

Erbium 


Equivalent  Numbor,  or 
Atomic  Weight. 


CompoandB  with  Oiygm,  Ac. 


H=i      0=100 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu  I 

1>    i 

£    I 


1375 

I22'0 

75*o 

210*0 
io'9 
800 
560 
200 
6*o 
460 

35*5 
26*27 

295 

31*75 
480 


171-87 

1525*0 

937*5 
856-25 

2625-0 

132*25 

lOOO'O 

700*0 

2500 

75*o 
575*0 
443*75 

328*3» 
36875 
396*87 
Ooo'O 


AI2  O3,  alumina 

Sb  O,,  antimonic  acid 

As  O,,  white  arsenic 

Ba  O,  baryta 

Bi  CI,,  chloride  of  bismuth 

B  O.,  boracic  acid 

Br  Oj,  bromio  acid 

Cd  O,  oxide  of  cadmium 

Ca  O,  lime 

C  Og.  carbonic  acid 

Ce«  O,,  sesquiozide  of  cerium 

CI  O5,  chloric  acid 

Cr  0-,  chromic  acid 

Co  Cl,  chloride  of  cobalt 

Cu  O,  black  oxide  of  copper 

Di  O,  oxide  of  didjmiom 


•  Prout  indeed  advanced  the  hypothesis  that  the  combininf^  number  off 
each  clement  was  a  multiple  by  a  whole  number  of  that  of  hydrogen,  if  tht    ' 
latter  be  assumed  :=  i.    Ihis  new,  in  the  form  propounded  by  Front,  is  at 
▼ariance  with  the  most  exact  experiments  upon  the  chemical  equivalenta  of  tbA  * 
elements ;  but,  it  has  been  stronjB;lj  urged  by  Dumas,  both  from  his  owb 
ex/>oriments,  and  from  those  of  other  accurate  obserrers,  that  the  combiaiiig>'i 
numbetv  are  all  multiplea  hj  whole  numUera  of  tVie  kalf  ox  of  \Jba  q«arter 
r^mivmUmt  of  bjdrogm. 


1  of  Elementary  Subxtancea  with  their  Atomic  IVeights        ^^^| 

oni 

SyvtboU — {Continued).                                    ^H 

«... 

IS 

Co»p«md.«ittiOiTI«.*<. 

F 

n=i 

0=100 

C»  F,  fluor  tpar 

190 

»37'S 

Gl 

4'66 

58-33 

Gl  0,  slucina 

no) 

Au 

t9fi'66 

'45^-33 

All  CI,,  soluble  chloride  o/^'old 

E 

'^■5 

HO,  water 

I 

>587-5 

I  0,.  iodic  arid 

Ir  0.  pro  toil  de  of  iridium 

Ir 

9«-56 

133308 

F. 

i8'0 

35°*" 

Fe,  0„  red  oxide  of  irou 

La 

46*0 

575*0 

nbDju} 

Pb 

1035 

'^93  75 

Fb  0.  litharge 

L 

;o 

87'5 

L  0  lithia 

Mg 

i2->6 

1530 

Mb  0,  magneaia 
Mn  0,,  black  otide  of  man- 
ganese 

. 

Ma 

37-5 

343*75 

Hg 

13500 

Hg,  CI,  calomel 

Bmun) 

Hg  01,  corrosive  anblimate 

M 

48-0 

6000 

M  0„  molybdic  acid 

Ki 

m 

f^'-l^ 

Ni  0,  protoside  of  nickel 

{(kitwmhium) 

Kb 

NbO„iiiobicacid 

N 
No 
0. 

14-0 

17506 

N  Oj,  nitric  acid 

1  Oe  0,.  volatile  oxide  of  oa- 

995 

"43'75 

o 

8'0 

lOO'O 

H  0,  water 

Pd 

G3'34 

'"■5-47 

PdO,  oxide  oF  palladium 

P 

31-0 

387*5 

'  0.,  piioephorfc  acid 
Pt  Clj,  bichloride  of  platinum 

Pi 

98-56 

%-f 

(Ealinu) 

K 

39-0 

K  0,  polaah 

Eo 

51-16 

651-96 

Na   C!  +  Eo,  CI,,  double 
chloride  wiib  aodium 

. 

E. 

51-11 

%i*39 

Bu,    CI,,    eeaqoichloride   uf  ^H 
mtheniurn                             ^^H 

8> 

39'75 

496-87 

Se  0,.  aelecic  acid                      ^H 

Si 

140 

175*0 

Si  Oj.  ailica                                 ^M 
Ag  CI,  chloride  of  silver              ^H 
Ka  0,  soda                                 ^H 

£=:j 

41 

108-0 
33-0 

15' 

Sr 

43*75 

Sr  0.  Btrontia                                 ^H 

S 

j6-o 

S  0,,  sulphuric  acid                     ^H 

T« 

68-8 

8600 

Ta  U„  tantalic  acid                   ^^M 

Tb 
Th 

64-5 

806-35 

Te  0^  teUurio  acid                   ^H 

59'5 

743*86 

Th  0,  tborina                           ^^H 

8n 

59' 0 

737*5 

Sa  0,.  tiuBtone                            ^^M 

Ti 

3.VO 

313-5 

Ti  0,,  titanic  acid                     ^^M 

r.K»»») 

W 

y»o 

W  0.,  tungstic  acid                   ^H 

If 

60-0 

XL  0,.  uranic  avid                      ^H 
TO-.  Tanadic  acid                      ^H 

V 

6846 

»^55*84 

Y 

Y  0.  yltria                                     M 

Zn 

3''73 

40937 

Zn  8.  blcude                                        ■ 

Zr 

33-sS  j  41373 

Zr,  0„  xircobiu*                             H 

H£/mt  «*f  fW 

L^ 

ait  U>  mcmoTf  till-  atomic  wcigUta  ot  itnse  Vii\»     1 

(13)  The  chief  value  of  a  table  suet  bb  the  for^ping, 
from  the  circumstance  that,  as  already  mentioned,  it  not  only 
represcuts  the  quantities  of  the  different  elements  which 
with  H  parts  of  oxygen,  but  it  aleo  indicates  the  simplest  propOT' 
tions  in  which  they  can  unite  with  each  other.  For  example,  Di 
only  do  i  part  by  weight  of  hydrogen,  16  parts  of  sulphur,  M 
39  of  potassium  severally  unite  with  8  parts  of  onygen,  but  i 
(larta  of  sulphur  form  a  compound  with  1  part  of  hydrogen, 
another  compound  with  39  parts  of  potassium.  Hence  16  part 
of  sulphur  are  in  combination  equivalent  to  8  parts  of  oxygen, 
39  of  potassium  to  i  part  of  hydrogen.  These  numbers 
therefore  termed  the  chemical  equivalents  of  the  respective  1 
stances  which  they  represent,* 

Compound  bodies  unite  with  other  compounds,  just  as  Bimi^ 
bodies  unite  with  other  simple  ones,  and  the  combining  numbei 
of  such  compounds  are  represented  by  the  sums  of  the  eombiniii 
numbers  of  all  the  elements  which  enter  into  their  composition 
the  combining  number  of  the  compound  can  never  be  less  tba 


on  the  hydrogen  scalp,  which  ere  not  printed  ia  italics.  Thoie  elementl 
which  no  nuoibers  are  sttached,  have  been  too  incompletely  studied  to  eosh 
the  chemist  to  aMign  their  combioine  proportion*.  A  short  Bummaiy 
tkc  principal  data  upon  ffhioh  this  table  has  been  oonntructed  will  he  gm 
after  thespecisldcBeripttonoriltemettJsbaB  been  completed.  They  rest  chief 
upon  the  experiments  of  Berzelins,  and  of  Damaa.  The  pspf  rs  of  thi)  hitt' 
tipon  this  subject  src  contained  in  theAnnalta  Je  Chimie,  tii.  i.  5,  riit  if 

*  It  is  important  to  distinguish  between  the  ideas  ehemieal  eqmvattmt  a) 
combining  praj/orlioa,  thou)[h  the  two  terms  are  often  inaccurBtelj  used 
synonymous.  Bodies  can  only  be  correctly  said  to  be  e<jnivaleut  to  each  Qlhi 
when  they  can  be  subatituted  for  each  other  in  combination,  to  form  oor 
pounds  more  or  less  analogous  ;  and  the  proportion  in  which  they  tbiu  di 
place  each  other.  conBtitnleatheirequivalent  proportion  or  numericaJ  chemio 
equivalent.  Definite  ananlities  of  silver,  cijpper.  iron,  sine,  and  potaarioi 
for  example,  may  be  auDstitutod  one  for  the  otner  in  combination  with  a  gin 
quantity  orehlormc.  In  like  manner,  certain  quantities  of  chlorine,  of  brotnla 
and  of  iodine,  may  be  made  to  combine  with  a  RiTen  quantity  of  silfar;  it 
quantity  or  bromine  which  will  diiplaue  the  iodine,  or  that  of  chlorine  ntSt 
will  displace  the  bromine,  bfung  the  true  equivalent  quantities  of  tUew  til 
inonts,  when  compared  with  each  other  1  but,  inasmuch  as  chlorine  uitd  \<J**, 
»inm  cannot  be  aiibstitiited  one  for  the  othor  in  any  corajKiuDd.  tin-  iniml'i 

which  representa  that  proportion  in  which  chlorine iiIjifil..  «-ii|t      ,   i-  ,  j  , 

caanol,  df  c(ii»^(irr</w(fA  jiufuKivm, properly  bi' I  Ml     .  . 
it*  eomhining  proportion,  althoufiili   in  cnmrr   - 
ixpreasions  are  ased  indi scrim iuatelj  ■:<,••  r>.-  > 

la  the  foregoing  lahle  the  numoi'ni  n'.vtr, 
bniliea  do  not  represent  the  proportioni  m  rtla-i.  . 

oTyin^n,  hut  multiples  of  that  quantity,  aliuuiuiini.  nnni 

inulti.  boron, silioun.  tantalum,  and  sirconium,  forniiiLKthi'  |  1 

The  rcuona  which  hare  ioduosd  chnmists  to  malcc  titii  ii|>f< 

seleFticn  uf  the  numbers  Hreu  for  the  atomic  wei|;bis  of  iiitrrx- 1,..         1.11   „ 

be  couTeoiently  disrussea  here.    Tho  following  are  the  uuuihen  hiuiui  ^ii-il 


Wilrr 

{.  Eq.O  - 

Ovtranic  Osiile 

(I  Eq.O  = 

Soda 

(iE,.0  = 

Cnbooic  Acid 

(3  Eq.O  = 

HjpoMnlpburoua  Acid  (3  Eq.O  = 


tqUtVALBKT    PKOPORTIONft. 

tlut  ntm,  b«t  sometimee  it  is  a  multiple  of  that  numlier.  For 
cuueple,  the  oombiuiug  numbers  of  the  following  compounds  ore 
ihu  obuiaed  : — ■ 

8  +   I  Eq.H  =   1)  HO   =     9 

8  +  I  Eq.C   =  6)  CO    =  14 

a  +   I  Eq.Na=23)  NaO=  31 

16  +   I  Eq.C  =    b)  COj  =  J2 

16    +   3  Eq.S   =   3a)   S,Oj=  4S* 

The  law  of  equivalents  holds  good  not  only  between  the  com- 

pDundft  formetl  by  the  anion  of  simple  substances  with  each  other, 

hit  also  l)etweeii  the  bodies  formed  by  the  combination   of  com- 

■  lund  jiiibstances  with  other  componnds.     Indeed,  the  reactions 

■ween  componnda  often   exhibit  very   striking   exemplifications 

■:h  of  the  generality  of  this  law  and  of  the  manner  in  which  it 

y  be  turned  to  useful  account.     The  following  example  of  the 

'lioo   between  sulphate   of  potash   and  nitrate   of  baryta  will 

urd  an  Ulnstration  of  this  kind. 

The   alkali  jjotash  is  a   substance   consisting   of  39   parts  of 

;;MsiT)m   united   with  8   of  oxygen ;   its   combining  number   is 

rrfore  47.      Now  this  body  unites  with  sulphuric  acid  to  pro- 

e  sulphate  of  potash,  and  forms  a  salt  which  is  perfectly  neu- 

<i  m  its  reaction  to  te^it  papers.     As  the  sum   of  the  chemical 

i'.tTiJentA  of  the  elements  which  are  united   to   form   sulphuric 

iu-id  ■■  40,  we  should  expect   that  sulphate  of  potash  would  h'^ 

ctimpoeed  of  47  of  potash  and   40   of  sulphuric   acid,  and  would 

Wtc  a  combining  number  of  87.     Analysis  justifies  the   correct. 

u  of  thin  anticipation. 

In  like  manner  baryta  is  the  oxide  of  the  metal  barium,  and 

^  r(««Bt  tbo  nn&lleBl  proportion  in  which  each  of  the  elemeutar;  bodies  jusi; 
iOifttttd  rombiites  with  8  parU  oro:(f  gen : — 


=  (1AT) 
=  (1  Zr) 
=  (t  Si) 
=  (1  T«) 
=  ttP) 
=  (t  St.) 
=  (1  M 


=  a 


Bi) 


ML?5)_ 


cnuivnlente  will  be  referred  to  Again  whee  comiilemg  ibe 

of««lt«. 
mtrnij  to  m/inC  might  bare  been  eipeeted,  the  eombiniug nuTttWT  ot 
'  'lorjnaecid iaiiol[0=8  +  8=i6J=  J4,  butdouble llialnunvWt.Vut 
4»ptru iirUiu  Miid  to  Mtuftte  ,ji  parts,  or  one  alomot  aoia. 
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omitting  fractions,  it  consists  of  69  parts  of  barium  and  8  ol 
oxygen.  Baryta  therefore  has  a  combining  number  of  77.  Baryta, 
like  potash,  way  be  made  to  combine  with  various  acids.  Iti 
compound  with  aquafortis  or  nitric  acid,  for  example,  consists 
77  parts  of  baryta  united  with  54  of  nitric  acid;  the  combiuinp 
number  of  the  nitrate  of  baryta  is  therefore  131.  Nitrate  of 
baryta  is  also  a  perfectly  neutral  salt. 

If  now  we  mix  together  a  solution  of  87  parts  of  sulphate  d 
potash  with  131  of  nitrate  of  baryta,  a  very  instructive  change 
occurs;— the  sulphuric  and  nitric  adds  change  places:  the 
phuric  acid  unites  with  the  baryta,  to  produce  sulphate  of  baryt*, 
and  the  nitric  acid  unites  with  the  potash,  to  produce  nitrate  of 
potash ;  the  sulphate  of  baryta  lieing  insoluble,  is  precipitated  a»  S 
white  powder ;  but  the  remarkable  point  is,  that  there  is  neither 
more  nor  less  sulphuric  acid  than  is  needed  for  the  baryta ; 
ther  more  nor  less  nitric  acid  than  is  required  for  exact  union 
the  potash  :  40  of  siilphuric  acid  are  therefore  truly  equivalent  to 
_54  of  nitric  acid,  or  may  be  substituted  for  the  latter  in  comp 
'  sition ;  and  47  of  potash  are  as  truly  eijuivalent  to  77  of  baryta. 
This  interchange,  or  double  decomposition,  as  it  is  usually 
termed,  is  illustrated  in  the  diagram  that  follows 


Before  decomposition. 
131   Nitrate      (54  Nitric  Acid^ 
of  Biiryta(77      Baryta 

87  Sulphate   (40     Sulphuric  Acid, 
of  l'otasht47     Potash 


liH 


Aflcr  decompoBitioD- 
(Sulphate  of 
"^(Baryta 

(Nitrate 
oi[Potash 

3l8 


The  solutions  after  mixture  are  still  without  action  either  upOB 
litmus  or  turmeric  paper. 

If  instead  of  using  exactly  the  equivalent  quantities   of  tilt 
two  salts,  an  excess  of  either  had  been  employed, — suppose  that 
100  instead  of  87  parts  of  sulphate  of  potash   had  beeu  used,— 
this  excess  of  13  parts  would  not  hare  influenced  the  result,  but 
would  have  remained  unchanged  in  the  solntlon.     One  great  ad^ 
vantage,  therefore,  that  is  derived  from  the  employment  of  a  seal* 
of  equivalents,  is  economy  in  the  use  of  the  materials  employed  i 
I  the  formation  of  compounds,  since  hy  its  mcjins  it  is  possible  t 
mlculnlf!  tliB  exact  proportions  of  the  chemical  agents  which  woalcl 
s  required  in  order  to  obtain  the  full  effect  of  their  mutual  Teaotion..! 
7%e  Jaw  of  e<]tuva}mt  proiKtrtiona  also  forms  Ihe  bn«i»  upon  I 
^//i-A  tuoMt  of  the  caiciiiatioQS  in  cbcmical  anaVji-w  ail  U«uw\*A.l 


nt!    TUEORV LAW    OF    VOLUMES. 

ijwae  it  were  desired  to  asccrtaio  the  proportion  of  baryta  pre- 
'!  in  Hic  solution  of  nitrate  of  baryta.  By  collecting  on  a  filler 
|irecii>itnte  produced  by  adding  aulpbate  of  potash  in  excess  to 
;ivcn  bulk  of  the  liquid,  then  drying  and  weighing  the  powder 
lIi  iuituhle  precautious,  the  quantity  of  baryta  could  at  once  bo 
minted  ;  for  it  is  a  necessary  consequence  of  the  law  of  cqui- 
\cal  combinutiou  that  every  117  grains  of  sulphate  of  baryta 
utain  77  of  baryta.  From  this  result  the  proportion  of  nitrate 
tiaryta  ia  solutiou  could  also  easily  be  deduced,  inasmuch  as  77 
iins  of  baryta,  for  conversion  into  the  nitrate,  would  require  54 
.iios  of  nitric  acid,  and  would  therefore  represent  131  grains  of 
^ratfi  of  baryta;  or  1 17  grains  of  sulphate  of  baryta  would  iu- 
3te  I3>  of  nitrate  of  baryta  in  the  liquid  under  examination. 

The  doctrine  of  chemical  equivalents  receives  an  easy  expla- 
:icm  upon  Daltou's  atomic  theory,  for  in  his  view  these  equiva- 
■ji  Dunibers  espreas  simply  the  relative  weight  of  the  ultimate 
rticli^a  or  atoms  of  each  element.  Hence  these  numbers  are  often 
of  under  the  term  of  the  ahmic  wein/tls  of  those  bodies. 
One  or  two  additional  illustratluna  of  these  principles  will 
further  to  elucidate  them.  If  the  weight  of  the  atom  or 
It  particle  of  hydrogen  be  tiikeu  as  unity  or  1,  the  weight 
the  ultimate  particle  of  oxygen  would  be  8,  that  of  zinc  and  of 
ppcT  (omitting  fractious)  32,  of  lead  104,  and  of  silver  108. 
liad  diftplaccH  copper  from  its  solution  in  nitric  acid,  au 
of  lead  takes  the  place  of  an  atom  of  copper,  and  104  parts 
reigbt  of  lead  necessarily  displace  3a  of  copper.  So,  again, 
an  xtom  of  zinc  displaces  one  of  lead,  31  parts  of  zinc  are 
_-.<iolfed,  aud  104  of  lead  are  deposited,  When  one  atom  of 
lygcn  unites  with  one  atom  of  hydrogen,  the  combination  neces- 
.rily  occurs  in  the  proportion  of  8  parts  by  weight  of  oxygen 
lib  1  pnrt  of  hydrogen.  When  one  atom  of  oxygen  unites  with 
'It!  atom  uf  lead  to  form  o.\ide  of  lead,  these  elements  necessarily 
imbinc  by  weight  in  the  proportion  of  8  parts  of  oxygen  to  104 
!  lead,  and  so  on.  A  similar  process  occurs  in  the  combination 
t'  compounds  with  other  compounds.  So  that  the  combining 
■:iportii)n  of  each  of  the  oxides  just  mentioned,  since  it  must 
>riiaiti  on  atom  of  each  of  its  constituents,  could  not  be  less  than 
le  lam  of  their  united  weights  :  9  in  the  case  of  water,  and 
i>  tbat  i>f  otide  of  lead. 

(14)   Law  of  Volumes. — ^Ticn  bodies  are  capable  of  assnmiiig 
k-  tona  uf  gaa  or  vapour,  a  very  simple  relation  \i^&  Wen  o\i«etNV;^ 
l«eci>  the  volumea  or  bulks  of  any  two  gases  wWvcV  coteKw* 
Jt  han  bccu  foundj  tar  example,  that  t\»e  gasea  Mm 
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togelbcr  either  in  the  proportion  of  eqnal  hulks,  or  else  ihftt 

mensurca,  or  volumes  of  t!ie  gas  which  inny  be  distiiigfuished  as  j 

combine  with  one  measure  of  a  second  gas,  which  may  he  ckUi 

B,  or  that  three  measures  of  A  unite  with  one  measure  of  B,  i 

sometimes  that  three  measures  of  A  unite  with  two  of  B. 

simple   jiroportiou    of  this   kind   is  always  ohaerted   between  thi 

volumes  of  two  gases  which  enter  into  combination.     The 

J  of  this  uniformity  depends   npon  the  circumstance  that  the  che- 

I  mical  equivalent  of  each  elementary  substance  forms  &  volume  & 

gas  or  vapour,  which,  under  similar  conditions  of  temperature  and 

pressure,  occupies  either  the  same  bulk,  or  else  double  the  bnlk  o4 

that  of  some  clement  taken  as  the  atiindard  of  comparisou. 

For  example,  taking  a  number  of  graias  of  each  element 

corresponds  with  its  equivalent  number: — 

Cabic  IncltM. 
S  grains  of  oxygen,  at  60°  F.  and  30  inches  Bar.  =  3333 

I  grain  of  hydrogen =  4666 

S5'5  grains  of  chlorine =  46'66 

14  grains  of  nitrogen =  46'6iS 

and  so  on. 

An  equivalent  of  hydrogen,  of  chlorine,  or  of  nitrogen,  there- 

.  fore,   occupies  double   the   volume  of  an   equivalent   of  oxygen. 

Oxygen  is,  consequently,  16  times  as  heavy  as  hydrogen.     Th( 

comlnning  volume  of  any  gas  or  vapour  is  the  relative  bulk  wfaidl 

it  occupies  when  compared  with  the  bulk  of  an  equivalent  quan' 

tity  of   oxygen  under  similar  circumstances  of  temperature  and 

I  pressure:    thus  —  the  combining  volume  of  oxygen  being   i,  ta 

I  unity,  that  of  hydrogen,  of  chlorine,  or  of  nitrogen  will  he  3, 

Combination  by  volume,  therefore,  ia  to  be  carefully 

guished  from  combination  by  weight.     In  each  case  the  propoi 

tions  are,  however,  equally  definite. 

Ai\eT  the  union  of  the  gases  with  each  other,  the  bulk  of  the 
compound,  though  it  is  often  less  than  the  joint  bulk  of  the  two 
separate  gases,  yet  bears  a  simple  relation  to  it.  It  may  happea 
that  the  two  gases  combine  without  undergoing  any  change 
volume ;  or  three  measures  of  the  gases  may  become  condensed 
into  the  space  of  two ;  or  throe  measures  may  occupy  the  bulk 
one  measure ;  or.  agaiu,  two  volumes  may  bo  coiideiiited  into  the 
LBpace  of  one  rolume. 

The  mode  of  combination  of  hydrogeu  with  oxygen  majr 
ftlftk^n  aa  »n  illustration  of  some  of  tbcso  poi&t».     Hydrogen  | 

rich  oxygen  gas  \a  tbc  formntiun  oit  iit>\ert  n\  \W  \no\NXi 
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two  ToTtimes  of  fiydrogen  to  one  volame  of  oxygen, 
corresponds  by  weight  to  one  part  of  hydrogen  and 
pirts  of  oxygen.  TLe  steftin  j)roilneed  by  their  union, 
fcflwever,  instead  of  occupying  the  apace  of  tliree  volames,  is  con- 
(Ico«od  into  that  of  tvo ;  but  the  weight  of  the  ateam  formed  is 
tqnal  to  thnt  of  the  united  weights  of  the  oxygen  aiid  of  the  hy- 
dnjgm  which  have  entered  into  its  composition. 

C(iin[)r>iind  gases  aod  vapours,  in  combining,  follow  the  same 
LMgoUhtT  wad  simplicity  in  Ihe  proportions  by  volume  in  which 
unite,  a»  is  observed  to  prevail  among  elementary  bodies  j  and 
Gompounds  reaultiug  from  such  union,  when  gaseons,  or  con- 
iblc  into  vapour,  exhibit  the  same  equally  simple  ratio  in  bulk 
it  of  their  componeiits. 

15)  Symbolic  Notalion. — Before  proceeding  further,  it  will  be 
itagcouA  to  describe  the  principles  of  notation,  as  applied  in 
ibe  coustruction  of  chemical  formulie.  This  notation  constitutes  a 
luod  of  abort-hand,  which  materially  facilitates  the  representation 
of  chemical  changes,  since  it  greatly  abridges  the  labour  of  de- 
•eriptioa,  and  with  a  little  practice,  enables  the  student  to  trace  at 
a  (lanix  reactions  even  of  a  complicated  character.  Its  employ- 
iBcnt  has,  in  fact,  become  indispensable  both  to  the  teacher  and  to 
ibe  pupil. 

Every  elementary  substance  is  represented  by  a  symbol,  consist- 
'"r  of  the  first  letter  of  its  Latin  name ;  in  cases  where  more  than 
.'  element  liaa  the  same  initial,  a  second  distinguishing  letter  is 
liiil.  These  symbols,  when  used  singly,  always  represent  one 
m  of  the  body  which  they  iDdicate.  The  symbol  O,  therefore, 
•id»  for  one  atom  of  oxygen ;  H,  for  one  atom  of  hydrogen ;  C, 
.  one  atom  of  carbon,  and  so  on. 

A  ix)mpound  body,  composed  of  single  atoms  of  its  constituents, 
:t:jircseuted  by  writing  the  two  symbols  side  by  side  ;  thus   HO 
ircatct  one  atom  of  water, 
[f  it  be  necessary  to  express  more  than  one  atom  of  a  body, 
objttrt  may  be  attained  either  by  prefixing  the  requisite  number 
the  ayniliol,  OS  2  H,  two  atoms  of  hydrogen ;    or,  as  is   more 
11],  by  writing  a  small  figure  to  the  right  of  the  letter  below  the 
■-,  aa  l\j;   HOj,  would  indicate  binoxidc  of  hydrogen,  composed 
I  atmn  of  hydrogen  and  3  atoms  of  oxygen  ;  COj,  carbonic  acid, 
ujnsed  of  i  atom  of  carbon  and  1  atoms  of  oxygen. 
Secondary  compounds,  such  as  salts,  are  expressed  in  an  aoalo- 
_  ;!  way,  the  base  bciogalwajsjiJaced  first,  CaO+  COj  Te^tewin.^^ 
njairaJeut  of  carbonate  of  Hme.      Frequently  a  conima,  S* 
ietmvea  the  ttro  compouads  instead  of  the  algebraW  a\?,u   -V  . 
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Carbonate  of  lime  may  be  written  CaO^  CO,.     This  mode  is  usually 
adopted  to  express  a  more  intimate  union  than  when  the  sign  +  is 
used.     Sometimes  a  period  is  used  to  indicate  a  mode  of  uniou 
less  intimate  than  that  represented  by  a  comma^  but  more  so  than 
that  implied  by  the  sign  + .     Thus^  in  the  formula  for  crystalliied 
alum^   KO,   SO3  .  AI2O3,  3  SO3  +  24  HO^  the  compound  Alfip 
3  SO3  is  supposed  to  be  more  intimately  united  with  KO,  SO3  than 
the  24  HO^  which  may  be  readily  expelled  by  heat.     Where  it  is 
necessary  to  indicate  more  than  one  equivalent  of  a  compound,  ibe 
whole  formula  of  that  compound  is  included  in  a  bracket^  and  pie- 
ccded  by  the  indicating  number.     Thus  three  equivalents  of  cu» 
bonate  of  lime  would  be  written  3  (CaO,  CO^).     The  figure  prefiifld 
multiplies  nothing  beyond  the  symbols  included  within  the  brackflfc 
Frequently  the  employment  of  brackets  is  neglected^  and  then  the 
figures  multiply  all  the  symbols  included  between  them  and  Hbft 
next  comma,  or  sign  of  addition. 

A  very  little  practice  will  make  these  various  modificatioiit 
familiar  to  the  mind.  To  expedite  the  acquisition  of  ibis  know- 
ledge, the  student  will  find  it  advantageous  to  exercise  himself  in 
the  expression  of  chemical  changes  by  symbols,  whenever  the 
opi)ortunity  occurs,  until  he  is  thoroughly  acquainted  with  their 
signification  and  use.  The  reaction  between  nitrate  of  baryta  and 
sulphate  of  potash  (13),  might  be  expressed  by  symbols  in  a  single 
line,  which,  if  the  combining  numbers  of  the  elements  concerned 
were  fixed  in  the  memory,  would  convey  all  the  information  of  a 
minute  description,  thus — 
Sulithatc  of  potash.   Nitrate  of  baryta.  Sulphate  of  baryta.  Nitrate  of  potash. 

KO,  SO3       +        BaO,  NO5  yield  BaO,  SO3      +      KO,  NO, 


CHAPTER  II. 

WEIGHTS   AND    MEASURES SPECIFIC    GRAVITY. 

(16)  Weights  and  Measures. — The  foundation  of  all  accuracy  in 
experimental  science  consists  in  the  possibility  of  determining  with 
exactness  the  quantity  and  the  bulk  of  those  substances  which  are 
submitted  to  examination.  In  the  force  of  gravity  we  possess  an 
unvarying  standard  of  comparison.  A  pound  weight,  for  example, 
at  the  same  spot  of  the  earth's  surface,  is  invariably  attracted 
towards  the  earth  with  the  same  force,  so  that  its  weight  is  uni- 
£orm]y  the  same  at  that  spot. 

The  force  of  gravity  diminiahea  doiiVy  f«om  \\«i  ^^Afc  ^^^  ^ 


A  maxa  of  matter  which  would  compress  b  gpring  with 
eqn&I  to  that  of  194  lb.  at  the  equator,  would  act  upon  it 
force  of  195  Ih.  at  the  poles.  This  difference  would  not,  of 
be  perceived  id  the  ordinary  mode  of  weighing  by  the 
;,  as  both  the  weights  and  the  body  weighed  would  be  aimi- 
equolly  affected. 

inmiiion  process  of  weighing  consists  in  estimating  the 
with  which  any  given  mass  is  attracted  towards  the  earth,  by 
m  with  other  known  quantities  of  matter,  arbitrarily 
vjonetl  for  the  purpose;  consequently,  the  M'ei^A/  of  a  body  is  the 
oprcMioti  In  terms  of  the  standard  so  selected,  of  the  exact  amount 
«f  force  which  is  required  to  prevent  the  body  under  examination 
from  Iklling  to  tlie  ground. 

Tlie  standard  of  weight  used  in  this  country  is  the  avoirdupois 
pKuul.  which  is  subdivided  into  7000  grains. 

llie  system  of  weights  is  connected  witli  the  measures  of  eapa- 
riiy  in  use  in  this  country,  througli  the  medium  of  the  ImjjerinI 
—lion  ;  «hich  is  defined  by  an  Act  of  Parliament  of  the  year  1824 
be  ■  measure  containing  10  Ih.  avoirdupois  of  distilled  water, 
i^hcd  in  air  at  a  temperature  of  (5i°  F.,  the  barometer  standing 
.  30  inches.  The  gallon  of  distilled  water,  therefore,  contains 
" :  ooo  grains, 

TTiwe  measures  of  capacity  are  related  to  those  of  length  by 
',  determination  that  a  gallon  contains  377276  cubic  inches, 
■'  rnbic  inch  of  distilled  water  weighs,  in  air  at  63°,  with  the  baro- 
■  ler  at  30  inches,  2^z.\^6  grains ;  in  vacuo  (23)  it  weighs  2^2"J2Z 
nina.  The  standard  of  length  is  the  yard  measure,  and  is  sub> 
uded  into  36  inches,* 

(171   French  System  of  Weights  attd  Meaxures. — The  French 

■  'tcm  of  weights  and  measures  is  connected  together  in  a  manner 

r  more  philosophical  than  the  foregoing;  and,  as  it  is  the  one 

..--iicrally  adopted  by  scientific  men  abroad,  and  is  gradually  being 

atndniled  into  the  writings  of  men  of  science  in  this  country,  it 

~  ilul  that   the  principles  upon  which  it  is  based  should  be 

tTheatftndard  of  rcfei'ence  is  a  measurement  of  one  of  the  great 
■  encompassing  the  earth  itself.  The  ten-millionth  part  of  a 
tat  of  the  meridian  constitutes  the  unit  of  tbc  system.     This 


order  fiirtlter  to  connect  the  neasurea  of  lenRtli  with  those  of  weight, 
Katcr  di-Urminod  the  leng-th  of  a  seconds  pendulum,  the  oee'vWiAwTis 
h'javduced  bv  the  action  of  the  force  of  gravity.     The  \ettEVV  O^  » 
wUirh  lm»te  seooods  at  the  lerel  of  the  sea  in  vacuo,  a.\S.v&l>W 
Onnnwi<^  hii  found  to  be  sgi^gjg  inches 


1 


^ 
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quBdrantal  arc  was  fixed  at  6113  miles  and  1450  yards 
measure;  consequently  the  ten-milliouth  |«irt  of  thia,  the  i» 
is  equivalent  to  39'37079  English  inches,  nearly  3^  inches  n 
than  our  etandard  yard,  or  a  fraction  of  au  inch  tonger  than 
eeconds  pendulum.  This  metre  is  subdivided  into  tenths,  ci 
decimetres  :  hundredths,  or  centimetres  ;  and  thousandths,  or  w 
metres.  A  millimetre  amounts  Tcry  nearly  to  lyth  of  an  Enj 
inch,  and  a  centimetre  to  nearly  |ths  of  an  inch.  A  kiiometn 
thousand  metres,  uearly  |  of  an  English  mile,  is  employe) 
many  parta  of  France  as  the  ordinary  road  measure.  Fig.  3  re 
sentB  a  decimetre  subdivided  into  centimetres,  one  of  which  isi 
divided  into  millimetres,  compared  with  English  iucbes. 
measures  of  capacity  are  connected  with  those  of  length  by  mal 
the  unit  of  capacity  in  this  series  a  cube  of  a  d 
■  3'  metre,  or  3937  English  inches  in  the  side; 
"~r*  which  is  termed  a  iitre,  is  equal  to  1765  Imp* 
pints,  or  rather  more  than  i|  English  pints, 
litre  is  again  subdivided  into  tenths,  or  decitiireg, 
hundredths,  or  cenlililres ,-  and  finally,  the  aystei 
weights  is  eoimected  with  both  the  preceding, 
taking  as  its  unit  the  weight  of  a  cubic  ceutint 
of  distilled  water,  at  the  temperature  of  39°"3  P. 
weighs  I5'432  Euglish  grains.  The  gramme,  as 
quantity  is  called,  is  further  subdivided  into  ten 
or  decigrammes;  hundredths,  or  centigrammea ; 
thousandths,  or  tnilligrammes;  and  its  higher  multi 
1000  grammes,  forms  the  kilogramme.  The  i 
gramme  is  the  commercial  unit  of  weight,  BW 
something  lese  than  i^  ib.  avoirdupois,  being  154^ 
English  grains.  The  litre,  as  it  consists  of  1000  ci 
ccutimetres  of  water,  at  39°'a,  ooutaioa  exEoti 
kilogramme  of  water,  and  is  equivalent,  at  39°'i 
61  034  cubic  inches  English. 

(iS)  T/ie  Balance. — The  familiar  opcratloD 
weigbiug,  is  for  moat  part  effected  by  means  of 
balance. 

This    instrument    consists  essentially  of  ao 

flexible  bar,  delicnti-ly  suspended  at  a  point  exa 

niidway  between  its  extremities,  from  which  def 

the  scale^pauH ;  in  one  of  these  tli«  weights,  in 

other  the  objecU  to  be  weighed,  are  placed.    When  the  balant 

#«  tfMihrio,  th«  »rin»  of  the  beam  assume   a  dirrction  ptrft 

JtoritouttJ.     The  msiu  jKUufal  rGt^uiLriug  ftUentioQ  urc — i^^EAja 


■Tzcme  OBAViTT.  29 

igtns  of  ihe  arms  of  the  beam ;  aad,  suspenEion  of  the 
Itxff  just  aboTC  its  centre  of  gravity ;  and  3rd,  care  tiiat  the  fric- 
tJon  at  the  pmnts  of  suspension  both  of  the  beam  and  of  the  scale- 
fut  he  reduced  to  a  minimuni.  The  poiuts  of  support  in  delicate 
are  usually  maiie  of  fine  edges  of  hardened  steel,  which 
aguoat  ftat  polished  pistes  of  agate.  Provided  that  the  eus- 
be  sufficiently  delicate,  it  is  ens;,  by  the  process  of 
imik  Hviffhitiff,  to  obtain  exact  weighings  by  means  of  a  balance 
Ife  anus  of  which  are  not  equal.  For  this  purpose,  the  material 
tt  be  wcigtied  is  accurately  balanced  with  shot,  sand,  or  any  other 
CDnresient  substance ;  it  is  then  removed  from  the  pan,  and  weights 
tnbatituted,  until  the  sand  or  ^hot  remaining  in  the  other  pan  is 
■gbn  accurately  coimterpoised :  the  number  of  weights  needed 
«i]l  abov  the  weiglit  of  the  substance  under  experiment.  In  all 
dolkmtc  esperioients  the  balance  must  be  screened  from  currents 
sfiir,  aud  the  Imdies  weighed  must  have  sensibly  the  same  tern- 
fmture  as  that  of  the  surrounding  atmosphere,  otherwise  currents 
efair,  ascending  or  descending  within  the  caac,  will  Ije  produced, 
lad  tJwy  will  impair  the  aocuraey  of  the  observation.  A  good 
iHkiim  will  indicate  a  difference  of  weight  equal  to  about  unrlmni 
■^what  it  win  carry  in  each  pan. 

Specific  Graviiy. 
(19)  If  equal  bulks  of  matter  of  different  kinds  be  compared 
i^er,  they  will  be  found  to  differ  very  greatly  in  weight. 

lb.  Grains. 

IDC  cubic  inches  of  hydrogen  will  weigh  114 

„            „            of  air                   „                    ^  3i'oo 

.,            ,,           of  water              „              3604  J5246'oo 
„            „            ofirou                „            28'iio 
„            „            of  platinum        „            y^'^So 

Platinum,  the  heaviest  body  with  which  we  are  acquainted,  is 
:  vards  of  soOjOoo  times  aa  heavy,  bulk  for  bulk,  as  hydrogen, 
riii>h  is  the  lightest  roaterial  known. 

Rn'  rnmimrison  of  the  weights  of  equal  bulks  of  different  bodies, 

:  letl    lo   a  uniform  standard,  coastitutes  their  sjiecijic 

relative  weight,  i.e.,  the  weight  which  is  specific  or 

J  each  kind  of  matter.       The  specific  granty  of  a  body 

K  most  im[>ortant  and  distinguishing  physical  cha- 

i  mineral  iron  pyrites,  for  instance,  is  in  colour  almost 

J  gold;  b"t  it  is  fl(  once  distinguished  from  iW  ^tcti\Q\a 

B  differeucc  in  specific  gravity,   an  equal  bulV.  ot   ^o\\ 


1 
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mg  nearly  four  times  as  heavy.  The  uumbers  used  to 
the  spcuitic  (gravity  of  solids  or  liquids  are  ubtuinet]  by  com  paring  B 
kuowu  weight  of  the  body  under  experiment,  with  the  wuightoTu 
etiuikl  bulk  uf  distilled  nater,  which  lias  been  selected  as  the  standaid 
of  reference.  In  this  couutry  the  enperimeut  is  made  at  a  teoi' 
{writttirc  of  fio°  F.  For  gaaea  and  vapours,  atmospheric  air  at  6tf , 
while  tlie  barometer  atauds  at  30  inches,  is  employed  as  Ha 
stuudaril.*  Fur  the  purpose  of  calculatiug  the  epecilic  gravity  of 
any  substance,  solid  or  liquid,  it  is  therefore  simply  uecessaiy  M 
tsccrtuiu,  first,  the  weight  of  the  body  in  question,  then  that  of  aa 
muftI  bulk  of  water.  When  this  is  done,  we  obtiuD  by  simpltt 
proportion  the  specific  gravity  of  the  body  under  examination, 
tliat  of  water  being  assumed  as  i.  If,  as  is  the  case  with  a  laige 
UuniWr  of  solids,  they  are  heavier  than  water,  the  specific  gravity 
moi'i^ly  telU  how  many  times  heavier  they  arc  than  tlieir  own  bulk 
of  that  liquid  : — 

M' eight  ofj      (  SpeciBc  gravity  \        ,  Weight  of 
[qual  bulk  ]■  :  -^        of 

of  water   )      \  rooo  )        I       air,       3      (     required. 

(jo)  The  determination  of  the  weights  of  equal  bulks  of  liquids 
KUil  of  water  is  easily  made  in  the  following  manner : — Take  ft 
Ji(;ht  bottle  furnislnMl  with  a  stopper,  and  weigh  it  when  empty  ; 
flit  it  with  water,  and  weigh  it  again ;  the  difference,  of  eours«,  will 
bo  Iho  wpiijht  of  the  water  which  it  contains.  Empty  the  bottle, 
riiiat)  il  tnil  with  a  little  of  the  liquid  for  trial,  then  fill  it  with  the 
Hniiiii,  and  weigh.  On  deducting  the  weight  of  the  bottle,  we 
ulituin  tho  weight  of  a  bulk  of  liquid  exactly  equal  to  that  of  tbo 
Wutt'i.  In  practice  it  is  usual  to  employ  a  bottle  that  holds  exactly 
ItKio  grain*  of  distilled  water  at  60°,  as  when  the  bottle  is  filled 
*ith  tlu^  liquid  under  trial,  the  weight  in  graius  of  the  liquid  re- 
blliwiita  tltu  N|>rcific  gravity  at  once,  without  calculation.  For 
guitviuiituire,  a  counterpoise  of  brass  ia  adjusted  to  the  weight  of 
|kt>  iHturty  tlllHll^  Suppose  the  counterpoised  bottle,  whioli  when 
ftlWU  with  waMv  weigha   1000  grains  in  addition  to  the  couuteF* 


y  \  ,  Weight  of  j  j-  Speci6c 
[■  t :  J  body  in  [  :  <  gravity 
)        I       air.       J      (     required. 


j^w||wr» 


:ir<.l  temMnttore  and  pressure  adopted  in  Fnuw* 
"A  EokIbdcI.  In  France,  ^3°  i'.  is  tlie  tenip*- 
iir  i9'9^'  iiii'hes  ig  the  beigbt  of  the  barometer 
I  .r.i.  The  uuit  ordeoaity,  however,  in  the  vulunw 
:iot  nt  3}",  but  «L  ^g^  1.  the  point  f>(  luaximum 

iDorc  cotnpld  tlian  UioM  adopted  in  Eiixluidi 

|»,)iilili  ami  HMer  there  is  on  ndTaulagc  in  the  ronilily 
lvMi)vt«lur4  -if  jj"  at  nil  times,  by  tiiv  use  of  uii.-Itiii){ 


to  !ie  EDeA  with  [lurc  alcohol;  it  will  now  weigU  otily  792 

and  the  sitecific  gravity  of  tlie  alcohol  will  be  0792  ;  fur 

"Ooo  :;  79Z  :  0'79i.       The  same    buttle    filled   with  oil 

il  would  weigh   1845  grains.     Its  specilic  gravity  would 

he  represented  as  r845. 

accurate  purposes,  a  flask   of  the  annexed        Fie.  4. 
■ma  (fig.  4)  is  prefeiable  to  all  others;  a  mark  at 
ju  ihe  eoutracted   portion   of  the   neck,  iudicates 
:.■!■  level  occupied  hy  J  000  grains  of  water  at  60^. 
lie  flask  filled  with  the  liquid   under  trial,  a  little 
ihove  this  mark,  is  then  placed  for  an  hour  in  water, 
which  miist  be  maintained  at  60°.      At  the  end  of 
tliit  time  the  superfluous  liquid  in  the  flask  is  drawn 
rf'  bv  menus  of  a  pipette  till  it  stands  exactly  at   , 
ttie  IcTcl  of  the  mark ;  the  stopper  is  iuserted,  and 
theacighl,  after  careful  drj-ing  of  the   outside,   is 
ukm.  Bottles  which  contain  only  100  or  200  grains 
op  to  tlie   graduation  on   the  neck,  may  often  be  employed  with 
liltantage  instead  of  the  larger  one. 

Tie  determination  of  the  specific  gravity  of  gases  is  the  same 
m  principle ;  a  flask  or  globe  is  weighed  when  empty,  again  when 
Bkd  with  nir,  and  a  third  time,  when  the  gas  under  trial  has 
Iveii  substituted  for  atmospheric  air.  Gases,  however,  are  liable 
h)  nmsiderable  changes  of  bulk  from  slight  variations  of  external 
DKunutances ;  hence,  in  taking  tlieir  specific  gravity,  certain  prc- 
iSutiiiMU  arc  necessary,  which   will  be  fully  described  further  on 

''•19)- 

(ii)  With  solids,  a  dif- 

r.'nt,  but   not  less  simple 

iKcUiod  is  adopted,  tliough 

mting  ou  a  principle  by  no 

Mum    eo    obvious,      Tliis 

Hnciple    was    one    of    tlie 

.    at  di*co%'crie8  of  Archi- 

de» ;  it  may  be  thus  kk- 

— '        When  a  body  is 

:  ueath  the  surface 

I    it  obviously  dis- 

ulk  of  such  liquid 

i    .vsclf,  and   conse- 

f  pressed  upon  or 

F    mu^yMiiisyi  iUtiw)ilJllicl,   witil 

V  txactly  equal  to  that 


SPECIFIC    GKAVITV   OF   60LIDB. 

with  wtlcL  tlie  particles  of  the  liquid  were  supported,  i 
previously  occupied  its  place;  the  solid  ^i)l  tberefore  appear  J 
lost  weight  exactly  equivalent  to  that  of  the  bulk  of  liquid  i 
occupies.     The   operation   required  for   ascertaining  the  i 
gravity  consists,  therefore,  in  weighing  the  solid  in  air,  thee  bn 
as  in  ^g.  5,  suspended  it  by  a  horsehair  &oni  the  scale-pan,  pUdtl( 
it  in  dintilled  water  at  60°,  and  again  weighing ;  the  difference  ol 
the  two  weights  will  be  that  of  its  own  bulk  of  water. 


A  piece  of  lead  for  iustance,  weighs  in  air     . 
„  „  „  in  water . 


sio  grains. 
749  grain*. 


Lose  :  being  the  weight  of  an  equal  bulk  of  water.     7  r  grain) 

The  specific  gravity  of  the  lead  is  obtained  from  these  data  ^ 
the  apphcation  of  proportion,  in  the  following  niauuer : — 


71 


I  000  ::  830  :  x  (=    ii'54  ap.  gr.  of  lead.) 


The  rule  for  obtaining  the  apecific  gravity  of  a  solid  nt^ 
therefore  be  expressed  in  the  following  terms  :  divide  the  weight  o 
the  body  in  air  by  the  loss  which  it  experiences  when  weighed  ii 
water ;  the  quotient  is  the  required  specific  gravity.  The  et-peti 
mental  proof  of  the  correctness  of  the  principle,  viz.,  that  tk 
solid  loses  weight  equal  to  that  of  the  water  which  it  displaces, 
easily  given.  Take  a  solid  metallic  cylinder  which  accurately  fitt 
and  completely  fills,  the  cavity  of  a  cylindrical  cup ;  counterpoise  tl 
two  when   suspended   in  air  from  one  extremity  of  the  baUo; 

tbeam.     Then  withdraw  the  metallic  plug,  and  suspend  it  by  a  b 
to  a  hook  at  the  bottom  of  the  cup,  which   must  still   rem 
attached  to  the  balance,  and  place  the  plug  so  suspended  in  d 
tilled  water;  the  counterpoise  will  now  be  much  too  heavy;  Bl 
the  cylindrical  cup  with  water — (add,  that  is,  the  weight  of  a  bnll 
of  water  equal  to  the  bulk  of  the  plug,)  and  the  equi^toiae  will  bk 
restored. 
Occasionally  it  happens  that  a  knowle<.lgc  of  the  spedjio  gmvil 
of  a  body  in   the  form  of  a  powder  is  required ;  in  snch  a  a 
tlie  mrtliod  of  taking   the  specific  gravity  requires  to  1 
modified.     Suppose  it  be  desired  to  find  the  specific  g 
sijecies  of  sand,  wc  may  proceed  as  follows : — take  a  b 
rniitains,  when  full,  a  known  weight  of  distilletl  wntrr,  lOi 
for  esample ;  weigh  into  it,  when   empty,  a  quantity,  • 
fxaiof;  of  sand.     Supposing  that  the  sand  hod  not  dis 
»«(«-,   ihe   bottle   when   filled   op    with   that  liquid,  ' 
rrc/ff/i  1 1  JO  griiiiis;  hut  on   aclunlly  wti\g\i\"^  ■AicWaVi  1 


be  I 


DBOMETER. 

•  '>MifilVctt  up,  it  IB  found  that  the  water  and  sand  together 
_iti  only  1096  graios;  tlie  s&iid  therefore  Iiaa  displaced  54  grains 
We  liavc  thus  the  data  for  calculating  the  specific 
f  of  the  sand,  nz. 

1000  :;    150  :  x  (  =  2764),  the  specific  gravity  of  the  sand. 

t  the  eabstaoce  be  soluhle  in  vatcr,  it  must  be  weighed  id  air  as 

;  then  in  spirit  of  wioe,  in  oil  of  turpentinCj  or  in  some  liquid 

h  does  not  dissolve  it,  and  the  specific  gravity  of  which  is  known. 

PUw  body  be   so   light   as  to   float   in  water,  it  must  be  firtit 

\  in  air,  and  then  attached  to  a  solid,  the  weight  of  which 

ii  water  has  been  ascertained,  and  which  is  sufBciently  heavy  to 

-p  the  lighter  body,  when  fastened  to  it,  beneath  the  surface; 

ir  weight  in  water  of  the  two  united  bodies  is  then  determined, 

nd  the  rexult  tliua   obtained  is  deducted  from  the  weight  of  the 

r  aolid  in  water :  if  to  this  remainder  the  weight  of  tlie  light 

r  in  air  be  added,  we  are  furuished  with  the  weight  of  a  bulk 

Iff  Tiler  equal  to  that  of  the  lighter  solid,  and  have  the  data  for 

alculating  the  specific  gravity  by  proportion,  in  the  usual  manner. 

(u)  TSe  Hydrometer. — Anotiier  method  of 
taking  the  specilic  gravity  of  liquids,  consists 
in  tbe  lue  of  the  instrument  called  the  hydro- 
mter  or  areomeler.*  The  hydrometer  (fig.  6) 
eonncts  of  a  graduated   scale,  which   is   made  to  I 

Ami    Ycrtically    in    the    liquid,    by    means    of   a  I 

boflow   ball   of  glass   or  brass  counterpoised    by  I 

a  duly    adjusted    weight    attached   to    the  lower  I 

end  tif  the  instrument.     A   portion   of  the  stem  I 

of  the  iuetrvimcnt   must   always   tfoat  above    the  I 

irtace    of    the    liquid   the    specific    gravity     of  J^l 
^loh   )&   to  be   determined.     It  is  obvious,  that  ^H 
"tii-n    placnl    in   any  li<|uid  contained    >n   a  vesael 
L  Mifieieut    depth,    it    will    sink    until    it    has 

a   bulk  of  liquid  equal  to  it^  own  weight;  in  a   dense 

I  it  will  sink   to  a  smaller  depth,  in  a  lighter  liquid  it  will 

fclo  a  greater  extent;  an  additioual  portion  of  the  stem  being 

latter  case   immersed,  until  it  has   displaced   a  sufficient 

1  quantity  of  the  liquid  to  compensute  fur  the  diminished 


•  Tlie  term  liji!romet«r 


water  or  liqiiid  mrasurer,  from  fSop,  water, 
derived  from  uptuoi,  r&re,  and  iutvo". 

I J  TnudMle  hydrometere  nih  bo  foimd  iu  tlie  i^^siviv!.. 
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density  of  the  liquid  under  trial.  The  instrument  may  either  be 
supplied  with  a  scale  graduated  upon  the  stem  by  trial  in  liquids 
of  known  specific  gravity^  so  as  to  give  the  result  by  mere  inspec- 
tion, or  an  arbitrary  scale  of  equal  parts  may  be  used,  and  the 
values  indicated  may  be  ascertained  by  reference  to  tables  con- 
structed for  the  purpose.  In  practice,  it  is  found  convenient  to 
employ  two  instruments^  one  graduated  for  liquids  lighter  than 
water,  another  for  those  which  are  heavier ;  the  need  of  an  incon- 
venient length  of  stem  is  thus  obviated. 

The  hydrometer  is^  with  suitable  precautions,  capable  of 
affording  very  accurate  results.  A  particular  form  of  the  instru- 
ment, known  as  Sikes's  hydrometer,  is  employed  by  the  Excise  for 
determining  the  strength  of  spirituous  liquors.  The  ordinary  glass 
instruments,  however,  only  furnish  approximations  to  the  truth, 
which  are  quickly  obtained,  and  for  the  common  purposes  of  the 
arts  are  sufficiently  exact. 

(23)  Correction  of  Weights  taken  in  Air, — The  apparent  weight 
of  every  substance  in  the  atmosphere  (that  is,  the  force  with  which 
it  appears  to  be  drawn  to  the  earth),  is  always  a  little  less  than  its 
actual  weight,  because  the  air  presses  upon  and  supports  the  body 
with  the  same  force  with  which  it  would  support  a  portion  of  air 
of  the  same  bulk  as  the  body  itself.  The  weight  of  this  displaced 
portion  of  air  may  easily  be  ascertained,  if  the  specific  gravity  of 
the  body  be  known  \  for  from  the  observed  weight  of  the  body,  we 
can  calculate  directly  the  weight  of  an  equal  bulk  of  water,  and 
-8 1 7-th  of  this  weight  will  give  the  weight  of  a  corresponding  bulk 
of  air  at  mean  temperature  and  pressure.  This  weight  must  be 
added  to  that  actually  found ;  at  the  same  time  a  similar  and 
opi)ositc  correction  will  be  required  for  the  metallic  weights  used 
in  the  experiment,  because  they  will  also  appear  to  be  lighter  than 
they  really  are  ;  and  an  amount  of  weight  greater  than  the  true  one 
will  be  required  to  effect  the  counterpoise.  If,  therefore,  the 
weights  have  the  same  specific  gravity  as  the  body  counterpoisedj 
the  two  corrections  will  neutralize  each  other ;  but  if,  as  in  weigh* 
ing  gases,  there  is  a  great  difference  between  them,  the  correction 
will  be  one  of  importance.  The  true  weight  sought  will  be  thus 
obtained  : — Add  to  the  weight  of  the  body  in  air  the  weight  of  the 
bulk  of  air  which  it  has  displaced,  and  deduct  from  this  the  weight 
of  tlie  bulk  of  air  displaced  by  the  weights  employed. 

The  correctness  of  the  foregoing  observations  admits  of  an  easy 

experimental  illustration.     If  a  light  body«  such  as  a  piece  of  oork, 

be  suspended  ia  air  from  one  end  of  a  k*I«  Vyeam^iAd  be  oaiinter- 

jmsed  Mi  the  other  by  a  metallic  weight,  tkuea  on  i|^«EaD%^abft«99 


f  the  rrrciver  of  the  air-putnp,  and  exhausting  tlie  air, 
1  gradually  acquire  the  pre poude ranee ;  but  on  again 
g  the  air>  the  equilibrium  will  be  restored. 


CHAPTER  III. 

ON    SOME    V.UtlETIEB   OP    MOLECULAR    FORCE. 

-II.  Cohesion. — III.  Adhesion. — IV.  CrystaUization. 

I  Besides  the  attractive  power  of  gravity,  which  operates 
igh  dintauces  so  vast  that  the  miud  is  lost  in  the  attempt  to 
;  and  explore  them,  other  forms  of  attraction  exist;  but 
3  exerted  only  through  distances  so  minute,  as  to  be  in- 
ipprtciablo  to  our  unaided  senses:  and  yet,  upon  the  exertion  of 
these  forces,  the  form,  and  even  the  chemical  properties  of  bo<1ies 

The  first  of  these  forces  is  known  as  cohesion,  and  it  acts 
ktRcni  the  partichis  of  matter  which  arc  similar  in  kind.  The 
ialviuitjr  of  this  force  determines  whether  the  body  be  solid,  liquid, 
er  gaKons. 

TTic  second  of  these  forces  is  that  of  adhesion,  and  it  is  exerted 
fi>'t*ee>i  dissimilar  kinds  of  matter,  and  unites  them,  as  in  the  case 
'he  intervention  of  cements,  into  one  consistent  whole. 
The  third,  and  to  the  chemist  the  most  important  of  these 
•■•^  is  that  known  as  chemical  acuity,  which  causes  the  union 
ii««imilar  particles  of  matter  of  invisible  minuteness,  re-arranges 
--C  particles  in  new  forms,  and  produces  a  compound  body 
'iowcd  with  new  jiroperlies. 

Keactiitg  against  all  these  molecular  attractions,  is  the  repulsive 

■rcr  of  heal,  which  may  be   raised  high  enough  to  overcome 

■   'M  -"tid  whidi  in  a  modified  form,  when  balanced  against  these 

!  rccs,  produces  that  equipoise  in  distance  between  the 

:  [iiirticles  of  material  objects  in  general,  which  is  desig- 

,   .  ^  ..iiislicity. 

Puree*  which  thus  act  at  these  minute  distances  only,  arc 
noed  vtoUcHlar  forces,  in  contradistinction  to  those  which  like 
I'ity,  wX  upon  the  mass,  and  operate  through  great  distances. 


f   t.  Elasticity — uechanical  pkoferiieb  op  gass&. 
(jjj)  ^yeias/fti/^  ire  andervtand  the  resistance  that  fthoi'j  oKct* 
fopreasioa  or  to  extension,  and  the  power  which  it  \>osfi(;?s>t» 
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of  regaiDing  its  form  or  bulk  wben  tfae  jMuwue  or  tCBwm  is 

Die  law  which  regulates  elasdcilr,  in  perfectlr  elastic  bodies^ 
rstzy  be  exprestsed  by  the  statement  that  the  resistance  is  directly 
yvjyfjfiioutA  to  the  compressing  fwee.  Thns  a  bow,  or  a  spring 
Uriit  to  a  certain  extent  with  a  force  of  ic  Ib.^  wiD  be  bent  to 
double  that  extent  with  a  force  of  2c  lb. 

All  solirL^  have  limits  to  their  elasticity,  and  there  are  tcij 
few  which  are  perfectly  elastic,  even  within  those  limits;  that  ii 
t/>  nay,  there  are  few  solids  which  perfectly  recover  tfacir  fbna 
after  having  been  stretched  or  compressed ;  if  compressed  beyond  s 
certain  point,  they  either  '  set/  and  alter  their  shape,  as  is  the  case 
with  Ir^ ;  or  they  break,  as  is  the  case  with  glass.  The  elasticity 
of  glass  and  steel  is,  within  the  bounds  of  their  cohesion,  almost 
pf;rfect :  that  of  caoutchouc,  on  the  contrary,  is  imperfect ;  for,  by 
frequent  stretching,  it  becomes  permanently  elongated. 

Liquids  possess  a  small,  but  very  perfect  clastirity,  whicb 
varies  in  amount  in  different  liquids ;  the  densest  liquids,  in  general, 
being  those  which  least  admit  of  compression.  The  following 
table  exhibits  some  experimental  results  obtained  on  this  subjed 
by  Colladon  and  Sturm,  {Ann.  de  Chimie,  II.  xxxvi.,  113,  225.) 


Compressibility  of  Liquids, 


Liquid  uaed. 


I- 


Mercury  .... 
Sulphuric  Acid .    . 

Water 

Acetic  Ether     .    . 
Oil  of  Turpentine  . 
Hydrochloric  Ether 
Alcohol     .... 
Ether 


Temp.  *  F, 


.  McAO  compres- 
nion  in  niilhoDilv 
'  ,fbr  eachadditioiial 
fttmocpbere.     , 


rare  in 
atmoaphcTM 


VMi«tioum 
eompff«»- 
<       ■bUitj. 


32^ 


f» 


ff 


» 


503 

I  to  30 

330 

I  »  16 

51*3 

I  »  24 

760 

I  »   16 

Z3'® 
840 

I  »  26 

I  „  12 

935 

I  »  24 

1450 

I  „  24 

regular 


ft 


>» 


79  to  71 

regular 

85*9  to  82*2 

96-2  to  89 

150  to  141 


One  million  parts  of  mercury,  for  example,  were  found  by  cad 
additional  pressure  of  15  pounds  upon  the  square  inch,  to  diminisi 
ill  bulk  5*03  parts.  One  million  parts  of  water  suffered  a  com 
])rcH.sion  ten  times  as  great,  being  reduced  more  than  51  parts 
the  pressure  of  the  atmosphere  being  estimated  on  an  average  a 
15  pounds  upon  every  square  inch  of  the  earth's  surface. 

llegnault  has  more  recently  determined  the  compressibility 

iKith  of  water  and  of  mercury  with  very  great  care.     He  consider 

the  reaults  of  Colladon  and  Sturm  to  be  a  little  too  high ;  an< 

dftimatcs  the  diminution  in  the  vdame  of  mercnxj  lot  QBdc^\x  atoks 
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l'i'5  milliontiiB  of  its  bulk ;  whilst  he  found  that  of  water 
1  to  47  millioDths  of  its  bulk, 
e  compressibility  of  liquids  is  greater  at  low  thai 
pemtarea.    It  dccrcase§as  the  compressiDg  force  is  iiicreaa 
I  Bogif'ti  or  Marriolle'x  Law  of  Elaxticity  in 
—It  is,  however,  in  gases  that  the  most  exten- 
d  perfect  display  of  elasticity  is  to  be  seen ;  it 
tiite«    indeed    their    most    important   physical 
It  may  be  stated  without  sensible  error, 
Ibat  witfain  the   limits  of  ordinary  experiment,  '  the 
ninme  of  ati  aeriform  body  is  inversely  as  the  prea- 
wliich  it  is  exposed :'  consequently  by  doubling 
E  wc  halve  the  volume,  by  trebling  it  we 
r  ifuce  it  to  one  third ;  '  but  the  elasticity  is  increased 
welly  as  the  pressure;'  by  doubling  the  pressure 
' "  doable  the  elusticity.      These    facts  are  strikingly 
'iiibiled    in    the  following   experiment   devised   by 
;l  'yle,  and  more  accurately  performed  by  Marriotte ; 
ami  the  low  has  hence  been  termed  Boyle's  or  Mar- 
riiitle'a  law  : — 

Take  a  bent  tube  (tig.  7)  of  uniform   bore,  one 

'   lb  of  which  is  about  I2  inches  long,  and  furnished 

[!i   a  stop-cock;  the  other   hmb  being   6   feet  in 

'   i^h   and  open  at  the  top.     Pour  a  little  mercury 

"j  the  I>end  of  the  tube,  and  close  the  etop-cock. 

:e  air  in  the  short  limh  is  now  of  the  same  clasti- 

■  ity  as  that  of  the  atmosphere  at  the  spot ;  and  the 

lir  at  the  surface  of  the   earth,  as   will   presently  be 

more  fully  explained,  is  under  the  pressure  due  to  the 

widght  of  ita  own  superincumbent  mass ;  the  amount 

rf  thi*  pressure  is  ascertained  by  observing  the  height 

of  the  mercurial  column  in  the  barometer  at  the  time. 

V;tI  poor  mercury  into  the  open   limb  of  the  bent 

I'je  ;  the  air  in  the  shorter  limb  will  slowly  diminish 

balk:  when  the  mercury  in  the  longer  limb  stands 

fc  height  above  the   level  of  that  in  the  shorter, 

|By  equal  to  the  height  of  the  barometer  at  the 

L  the  coaipre»<cd  air  will  occupy  a  length  of  the 

r  tube,  exactly  eqnal  to  one  half  of  that  which 

t  tLc  tieginning  of  the  experiment ;  the  air  is 

.  to  ft   pressure   exactly  double.     Ou  adding 

ry,  till  the  column  is  twice  the  height  of 

tnccolumoj  the pre&Aiire  will  be  mcrea^ed 
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threefold,  and  the    air  will   now  occupy  only  obc  tliird   < 
origiual  bulk.'" 

(37}  Gases  and  vapours,  or  elastic  jluidt,  as  they  are  freqneDtlr 
termed,  difler  from  liquids  in  the  entire  absence  of  cohesion  amot^ 
their  particles.  A  vessel  may  be  filled  either  partially  c 
pletely  with  a  liquid,  and  this  liquid  will  have  a  definite  level 
surface  or  limit.  With  gases  it  is  otherwise;  they  always  pCT- 
fectly  fill  the  veft?el  that  contains  them,  however  irregular  i 
form.  Instead  of  cohesion  there  is  a  mutual  repulsion  amoi 
their  particles.  These  particles  have  a  continual  tendency  to  i 
cede  further  from  each  other,  and  they  therefore  exert  a  presmn 
in  an  outward  direction  upon  the  sides  of  the  vessel  which  ( 
tains  them.  This  outward  pressure  is  greater  or  less  according  a 
the  elasticity  of  the  gas  is  increased  or  diminished.  Indeed,  1 
bulk  of  a  gas  depends  entirely  upon  the  pressure  which  is  exen 
upon  it.  These  facts  admit  of  experimental  proof  in  the  foUomilj 
way: — 

Procure  a  stout  cylindrical  glass  tube  open  at  one  extremi^ 
and  capable  of  being  closed  at  the  other  by  a  stop-cock ;  fit  ii 
with  a  solid  plunger  that  slides  air-tight  up  and  down  within  it^ 
open  the  stop-cock,  place  the  plunger  half  way  down,  and  fill  tT 
vessel  with  some  coloured  gas,  such  as  chlorine,  for  exatn 
as   shown    in   fig.   8 :    now  close  the   stop-cock    and    draw  1 


t  rifi^id^  j 


e  greater^ 


*  The  reaearches  of  Deepretz,  and  the  more  rei^etit  and  ebboratfl 
menu  of  EeuiiauU  have,  however,  shown  that  thin  taw  m  — '  — — -" 
rale.  For  ainiosplieric  air,  for  bjJrogen.  oxygen,  and  nitroi 
for  gases  nhich  have  ctlticr  never  ocon  litjuefieil,  or  oalj  liquefied 
CDomious  preesureH,  the  law  ia  very  nearly  eurreot,  even  under  a  praai 
aevera)  atmospheres;  but  for  gasea  which  liqaufy  more  readily  it  u  not  as,' 
nearer  the;  are  made  to  approach  to  the  point  of  liauefantion  the  gre*'" 
the  diffcrpQce  between  the  volnme  actually  observed,  and  the  result 
lated.  Tlie  contraction  is  always  found  to  be  more  coDHider&ble,  by 
ment,  than  it  should  be  by  the  law  usually  assumed. 

I      Some  of  the  results  obtaiaed  by  lU-gnault  are  embodied  in  the  follow 
table  i    they   show  conaiderable  deviations  from  the  law  ia 
gases  under  high  pressures. 


EloMtiritgiif 

0<un  at  Migh  Prmurfft. 

1  A?r;b",i 

A». 

Kimpm. 

CMbonic  Arid. 

H,4«r». 

! 

r  000000 

19-7  ri)' 880 

lOOCOOO 

t  000-000 
9>i6']oo 
16705400 

S 

The  elasticity  uf  hydrogen  therefore  it 

with  Uie  other  gasea  the  eluttcity  docs  not  quite  beep  pa'ce  w 


J  lapidlif 
nmsure  >  with  Uie  other  gasea  the  eluttcity  docs  not  quite  beep  para 
t  mvuJd  »6em  hoia  ibeae  experiments  a»  i(  there -were  «i<««  y***"*' 
tquetj^iag  oxygen  thjia  uitrogen,  and  both  th«M  tbaaVkj&topHk. 
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}ft^s^  wpwarils,  the  gas  wiH  be  seen  to  dilate,  and  the  green  vapour 
•ill  still  entirely  fill  the  tube ;  Iiut  a  considerable  resistance  to  the 
J  raolion  of  tlie  piston  is  esperienced,  the  dilated  gas  has  its 
dlY  rednced  belov  that  of  the  external  air,  and  on  releasing 
■  Jiiston  it  is  forced  hack  to  the  middle  of  the  tube ;  the  elas- 
f  of  the  gas  within,  and  that  of  the  air  without,  are 
equal.  Now  attempt  to  thrust  the  piston  to  the  Fig.  8. 
1  of  the  tube ;  great  resistance  will  tie  experienced,  ■^~~| 
\  tot  the  gas  will  yield  to  the  pressure  and  will  be  condensed 
■'to  &  smaller  apace,  while  its  elasticity  will  be  propor- 
inately  increased  ;  but  the  instant  the  pressure  is  discon- 
'iiiQcd,  the  piston  will  rise  up  again,  and  occupy  its  lirst 
puititHi  midway  between  the  two  ends  of  the  cylinder. 

(28)  Air  Pump. — Advantage  is  taken  of  this  elasticity 
■nd  expanaibility  of  gases  in  the  construction  of  the  air- 
pump,  DD  instrument  designed  for  the  removal  of  air 
from  closed  vessels.  The  principle  of  its  construction  may 
be  explained  in  the  following  manner : — 

Suppose  that  a  metallic  cylinder,  accurately  bored,  be 
'.'■<!  with  a  piston  similar  to  that  shown  in  fig.  8,  but 
,  ■'Jtided  in  addition  with  a  small  opening,  covered  by  a 
i\>  or  valre  of  oiled  silk,  which  opens  upwards  or  out- 
'ini«;  on  forcing  the  piston  downwards  the  compressed 
ill  will  escape  through  the  valve,  but  on  attempting  to 
■ithdraw  the  piston  no  air  will  be  able  to  re-enter  the 
tylinder,  and  a  resistance  will  be  experienced,  owing  to 
'Hi-  prcsAure  on  the  upper  surface  of  the  piston  occasioned 
•  the  elasticity  of  the  external  air.  If  the  cylinder  be 
r.iridcd  with  a  second  valve  at  the  bottom,  opening  in 
Uic  sunc  direction  as  that  in  the  piston,  this  valve  will, 

Btiinutitig  down  tlie  piston,  be  closed  by  the  elasticity 
tbe  included  air,  while  the  upper  valve  will  be  opened; 
'm  withdrawing  the  piston  the  effect  is  reversed,  and  the 
acr  valve  rises,  the  air  enters,  while  the  valve  in  the 
't'jD  is  (irmly  closed.  Such  an  arrangement  constitutes 
ic  ex/tataiinff  lyringe  or  air-pump  in  its  simplest  form. 
I",  g.)  In  the  usual  and  more  convenient  form  of  the 
i  r-pump  (fig.  10),  a  brass  tube  passes  from  the  bottom  of 
IM  t^riogc  and  terminates  in  the  centre  of  a  disk  of  brass 
,  ground  accurately  flat :  the  vessel  from  which 

I  be  exhausted  also  has  its  edge  ground  truly,  and  it 
I  upou  the  phite.     On  working  the  syringe,  tW  cVastxcvV'j 
I  the  reuse}  or  receiver  raises  the  lower  -vAte,  wA 


e 


¥ 
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ted  air  eotw 


Fio.  I 


the  dilated  i 
vacuum  produced  in 
lower  part  of  the  cylindi 
witlidrawiug  tUe  piston 
air  thus  admitted  i 
raises  the  valve  of  the 
tou,  when  the  latter  is  i 
depressed  as  to  rendei 
elasticity  of  the  air  bet 
it  superior  to  that  ol 
atmosphere:  the  same  a 
goes  on  with  every  bu 
sivc  motion  of  tlie  pt 
until  the  elasticity  of  tl 
within  becomes  so  muc 
minished  as  to  be  insufficient  to  raise  the  lower  valve.  For 
veniencCj  two  of  these  eshausting  syringes  are  often  combiut 
the  air-pump,  and  are  made  to  work  alternately  by  a  racit 
pinion. 

(29)  Pump  with  Single  Barrel. — A  more  com 
vacuum  may  he  obtained  with  a  pump  of  simpler 
Btructiori,  hut  t}ie  labour  of  using  it  ia  conside 
greater.  The  difference  between  this  form  of  th 
strumcnt  and  the  one  just  described  will  be  Te 
understood  with  the  assistance  of  figure  11. 
pump  consists  of  a  single  barrel,  within  which  a 
plnnger  a,  moves  air-tight.  The  plunger  is 
nected  with  a  smooth  solid  rod  r,  whieh  also  * 
air-tight  throngh  a  stuffing  box  s,  at  the  top  o 
barrel.  In  thisstufGng-box  is  a  conical  metiUlic 
[  or  valve  v,  wliicli  opens  upwards,  and  vthich  pre 
a  little  way  below  the  under  surface  of  the  stal 
box,  which  is  ground  flat.  The  communicatio 
between  the  plate  of  the  pump  and  the  bari-cl,  is  made 
sufficient  distance  from  the  bottom  to  allow  the  plnugC 
pass  completely  beyond  it.  In  order  to  use  ttie  instni 
the  phmger  is  carried  down  to  the  bottom  of  the  barrel 
receiver  ia  then  attached  to  the  plate,  and  the  piston  nused. 
rising,  the  air  contained  in  the  barrel  is  expelled  through 
valve  in  tlie  stuffing- box,  and  bubbles  up  through  the  oil  p 
ibero  to  keep  the  joints  air-tight.  When  the  piston  no» 
sceiiihj  a  complete  vacuum  is  formed  above  it,  until  it  ptuncs  1: 
t£o  aperture  which  leads  to  the  receiver  •,  the  avi  itcu  i:>xA 


I CONDENSING    SYRINGE.  41 

n ;  lliis  portion  ia  in  turn  expelled  by  raising  ttie 

Lfld  tlie  exhaustion  maj  in  this  way  be  carried  on 

iames  altnust  complete,  because  the  valve  is  now  raised 

'.  simply  by  the  elasticity  of  the  air  confined  below  the  piston, 

.1  it  is  pushed  up  by  the  upper  surface  of  the  piston  itself,   and 

--  lut  babble  of  air  is  displaced  by  a  drop  of  oil  which  flows 

I  lit  Uic  valve  and  thus  efi'eets  its  expulsion. 

(30)  The  increase  in  bulk  of  the  enclosed  air,  and  consequent 
.  T-renae   in  its  elasticity,  may  be  illustrated  by  placing  a  tube, 

!<i«n  into  a  bulb  at  one  end,  full  of  air,  and  with  its  open  mouth 
.  "Qwnnls,  inserted  in  a  vessel  containing  water,  under  the  receiver 

I  '.he  purnp.      With  each  movement  of  the  piston,  the  ^r  in  the 

'  il'j  expands,  a  portion  of  it  iu  the  act  of  expanding  escapes,  and 

i!ihli!s  up  through   the  water.     An  amusing  variation  of  this 

'>i>crimcat  cnay  be  made  by  placing  a  number  of  shiivelled  apples 

.  the  receiver,  and  then  working  the  pump.     The  apples  contain 

jir  in  their  pores,  which  is  prevented  from  escaping  by  the  rind  ; 

w  working  the  pump  the  diminished  pressure  causes  this  impri- 

■DUed  air  to  expand ;  in   consequence,  the    apples  swell   up,  and 

npaa  their  fresh  and  plump  appearance.    The  illusion  vanishes  the 

j^ment  the  atmospheric  air  is  readmitted,  because  the  pressure 

:    the    external    air  reduces    that  in   the    apples  to  its  former 

-Ik.     The  elastic  force  thus  exhibited  is  very  considerable,  a^ 

iv  be  sliown  by  the  following  experiment.     Take  a  thin  vessel, 

.A   &s  a  light   flask,   and  seal  it  up  full  of   air;    now  if  the 

r  be  exhausted   from  a   receiver   placed  over  it,  the  flask  will 

'jor«l  into  fragments,  v  The  powerful  pressure  which  air  exerts 

J  i^nst   the   internal  surface  of  the    vessels  in  which  it  is  con- 

iKaJ,  ma^  alao   be  exhibited   by  allowing  a   weight  of  several 

iinda  to  rest  upon  a  bladder  placed  under  the  receiver  of  tlie 

liuinp:  on  exhausting  the  air  from  the  receiver,  the  air  in  the 

i.ider  t-'xpands,  and  lifts  the  weight. 

(31)  Ctmdeitang  Syringe. — If  the  valves  in  the  syringe  be  made 
open  in  the  opposite  direction  to  those  of  the  air-pump,  the 

~:nimriit  ronatitutcs  the  condensinff  syringe.  By  attaching  it  to 
ri-aervoir  capable  of  resisting  the  pressure,  as  shown  in  fig,  li, 
'  may  be  compressed  without  ditBculty,  aud  stored  up  as  a 
■  :')uuiical  power;  the  elasticity  of  air  so  compressed  is  capable  of 
;  brooght  suddenly  into  exercise,  and  thus  a  force  of  great 
;  applied.  Instances  of  this  kind  are  furnished  in 
i  ftir-fountain,  and  in  the  common  forcing  pum^,  ou% 
constitutes  that  invaluable  machine,  l\ie  ?vte- 
'!  more  gtrikiag  illustration  is  seen  iu  l\ic  au-oMW, 
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rroflncefl  to  the  EngliEh  standards,  would  make  the  weight 

loo  cubic  inches  of  air  amount  to  30'y_54  grains.* 

r  We  may  form  some  notion  of  the  actual  weight  of  the  air,  by 

klating  the  quantity  contained  in  a  given  space.     Take  for  ex- 

jm  30  feet  long,  28  feet  wide,  and  19  feet  highj  oflcring 

bic  content  of  1591^0  cubic  feel ;  since  100  cubic  inches  of  air 

^  3 1  grains,  1 3  cubic  feet  of  air  weigh  nearly  1 

[bt  of  air   in  such   a  room  is,   therefore, 

I  1 320  lb.,  or  a  little  more  than  half  a  ton. 

■It  is   obvious  that  if,  in   the   experiment 

I  the   flnsk,  just  described,  tlie  graduated 

A  contained  any  other  gas  instead  of  at- 

PpheHc  air,  it  would  be  possible  to  ascertain 

weight   of  a  given  quantity  of  such  gas ; 

I  by  comparing  this  weight  with  that  of  an  -, 

I  balk  of  air,  to  ascertain  its  density  ap- 

matively. 

'  {33)   Household  Pump. — The  pressure  of  the 

-if  is  the  power  which  raises  water  in  the  bore 

'  r  an  ordinary   pump.      The  construction    of 

: '.«  rcry  useful  machine  will  be  at  once  under- 

rifjd  from   tbe  description   of  the   air-pump 

'  Inch  has  been  already  given  ;  the  arrangement 

r  the  valves  being    similar.     On  depressiug 

i.c  piston-rod  (fig.  14),  air  escapes  through  the 

rwrvRlve  a,  and  on  raising  it  again,  a  fresh 

I  i.tere   from   the   pipe  attached  below 

I   valve   B.     The  weight   of  the   at- 

i[ion  the  surface  of  the  water  in  the 

-   up  a  portion   of  this   licjuid,  the 

;    which    compeusates    for  the  dimi- 

L-ticity   of  the  air  in  the  barrel,  till 

<:    again    depressing    and    raising   the   piston 


*  Arcording  to  lt«)(nBult,  the  specific  grarity  or  i 


'.urj.  at  33'. 


r.  wttler.  and  mercury  will  1) 
Air  at  33°  F.         Water  at  39°  F.         Mercury  at  31°  F, 
'  :  7733  !  '05135 

■  a  bsronivtnc  presanre  of  it/()i2   English  incbea  at  31°.     Cftlculstinic 
Jdm  bU  at  the  EnKlisli  atandsrd  temperature  of  60    F..  and  at  tlio 
rir  pruMure  of  30  iuclies.  and  allow  ing  for  Ihe  rclatiro  expansion  of 
-■  —tetenrj  by  heat,  the  proportions  will  be  the  following — 
Air  Water.  Mercury. 

J  !  SiOd  i  iiojS. 


RISE    OP    WATER    IS    THE    PUMP. 

'  several  times  successively,  the  whole  of  the  air  has  its  place  soppM 
by  the  water  which  is  thus  raised  from  the  well  below,  the  pre*. 
sure  of  the  atmosphere  being  removed  from  the  surface  of  thill 
part  of  the  water  contaiaed  in  the  pipe  beneath  the  valves.  U  ■ 
manifest,  however,  that  there  must  be  a  limit  in  the  height  to  whiA 
water  can  be  raised  iu  this  way.  As  soon  as  the  column  of  waltt 
in  the  pump  above  the  level  of  that  in  the  well  is  long  enougb  tt 
balance  the  weight  of  a  similar  column  of  air  extending  to  the  Bpp» 
limits  of  the  atmosphere,  the  water  w'dt  rise  no  higher.  Such  » 
column  of  water  is  about  33  feet  in  height.  If  a  tube  40  feet 
loug  be  closed  at  its  upper  end,  filled  with  water,  aud  then  placed 
mouth  downwards  in  a  vessel  of  water,  the  water  in  the  tube  will 
fall  till  it  Btauds  about  33  feet  above  the  level  of  that  in  the 
cistern.  Such  a  tube,  forming,  in  fact,  a  waler  barometer, 
placed  by  the  late  Professor  Dauiell  in  the  hall  of  the  Royal  Socie^. 
{34)  The  Barometer. — If  the  tube  were  filled  with  a  hcaviec 
liquid  than  water,  a  proportionately  shorter  column  of  it  would  Iw 
sustained  by  the  pressure  of  the  air,  the  length  of  the  column  heing 
inversely  proportioned  to  the  specific  gravity  of  the  two  liquids. 
Now  as  mercury  is  rather  more  than  13  times  as  heavy  as  water, 
this  fluid  metal  will  rise  to  a  height  only  about  V3  as  great 
that  of  water,  or  to  a  height  of  about  30  inches  instead  of  33  feet. 
This  result  is  easily  verified ;  for  if  a  glass  tube  about  thtve 
feet  long,  and  closed  at  one  extremity,  be  completely  filled 
mercury,  the  aperture  closed  with  the  finger,  and  it  be  placed 
mouth  downwards  in  a  basin  of  mercury,  on  removing  the  ft 
the  column  of  fluid  metal  will  partially  descend,  and  leave  R 
space  of  5  or  6  inches  in  length  in  the  upper  part  of  the  tube 
But  the  most  complete  demoustrntion  that  the  mercnry  is 
tained  solely  by  the  pressure  of  the  air  upon  that  in  the  baain,  ti 
furnished  by  placing  the  whole  apparatus  under  the  receiver  coi» 
nected  with  the  air-pump ;  as  the  air  is  exhausted,  and  conscqueDtl] 
the  pressure  is  diminished,  the  colnmn  sinks  ;  but  it  recovers  ib 
former  level  on  re-admitting  the  air  from  without,  A  tube,  of 
air-gauge,  acting  on  this  principle,  is  usually  attached  to  Bveiy 
rpump,  as  a  convenient  means  of  judging  of  the  perfection  oj 
the  vacuum.  If  it  were  ptfflsible  wholly  to  eshaust  the  air  fron 
the  receiver,  the  mercury  would  rise  in  such  a  gauge  (which  u 
simply  a  tube  open  at  top  into  the  receiver,  and  dipping  bdon 
into  a  basin  of  merrury)  until  it  stood  at  the  same  level  as  in  thi 
barometer  at  the  time  of  the  experiment :  but  this  result  is  novel 
attained  in  practice  ;  the  elttsticity  of  the  portion  of  air  remaining 
iu  the  receiver  always  depresses  the  metal  a  few  hundredths  of 
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i«  point.  By  tnenna 
of  the  air  still  re- 
'  rfiauily  ascertained, 
exactly  proportioned 
prwsuru.  Suppose,  then,  the  gauge  j' 
\  a  residual  pressure  of  -^  of  an  inch 
Dsiniiigair  woiJd  have  only  jj^  of  the 
'thai  it  possessed  at  the  commeQceraent, 
itmospberie  pressure  shown  by  the  baro- 
t  the  time  were  equal  to  a  columa  of 
M  in  height. 

flult  empJoys  a  gauge,  at  the  eitle  of 
ordinary  mercurial  barometer  plunging 
f  lame  cistern  is  platM^d  [fig.  1^5),  ao 
difference  in  height  between  the  two 
of  mercury  may  be  read  off  with  great 
by  means  of  a  graduated  scale  and 
},  p. 

pie  pressure  gauge  or  manometer  (from 
*)  for  estimatiug  the  rarity  or  con- 
of  air  in  a  confined  space,  is  made 
g  a  tube  into  the  form  shown  in  fig. 
raring  water  into  the  bend ;  the  ap- 
attached  at  a  to  the  air  vessel,  the 
I,  A,  being  open  to  the  atraospliere; 
trenre  of  level,  the  elasticity  of  tlic 
experiment  can  be  accurately  esti- 
B  scale  placed  between  the  tubes. 
prcsBureo  are  considerable,  mercury 
sod  of  water.  A  pressure  gauge  of 
descripcioit  is  in  constant  requiai- 
gms  works  for  estimating  the  prea- 
gssometer,  in  the  street  mains,  or 
of  the  services. 

le  inverted  tube  when  filled  with 
ith  due  precautions  to  exclude  every 
,  and  furnished  with  accurate 
iring  the  height  of  the  column 
of  the  mercury  in  the  cistern, 
of  the  most  indispensable  phi- 
iiutrameats — the  barometer  (from 
eight,  and  fttrpov,  a  raeastire). 
-  of  the  lube   is  of  little   conse- 


.SOMIITER THE 


but  a  tube,  J   or  J  an  inch  wicic,  i 

preferable  to  one  of  smaller  bore. 

slight  fixed  correction  for  cnpillarity, 

with  the  diameter  of  the  tube,  is  required  fi 

ench  instrument.      In   the  best  instruments  0 

this  description  the  whole  scnle  is  moveable  b 

a  rack  and  pinion,  p  (fig,  17),  and  can  be  a 

justed  80  that    its    lower  extremity,  which  f 

convenience  of  observation  is  made  to  ti 

iu  a  fine  steel  point,  f,  can  be  brought  ex&ctl 

to  coincide  with  the  surface  of  the  mercury  W 

the  cistern ;  unless  this  contrivance  were  ndoptct 

it  would  not  he  possible  accurately  to  i 

the  height  of  the  column  of  metal,  because  t 

level  of  the  mercury  in  the  cistern  is  contina 

ally  undergoing  slight  variations ;  as  the  E 

rises  in  the  tube  it  falls  in  the  cistern,  and  v 

vert& :    part  of  the  cistern   is  constructed  1 

glass,   to  allow  the   point  of  the  scale   to  1 

seen.     The   height   of  the   mercurial    coluD 

above  the  level  of  the  mercury  in  the  ciat 

when  the  instrument   has  been   placed    in 

truly  vertical  position,  is  read  ofl'  at  the  top  by 

vernier,  v,  which  estimates  differences  of  jrj»  C 

an  inch.     The  barometer  has  been  constructa 

in  a  great  variety  of  forms,  but  the  simple  i 

verted  tube  is  the  best  for  ordinary  purpose!. 

(35)   Tkt  Syptum,  which  is  another  instrument  iu  frequent  u 

in  the  laboratory,  depends  for  its  operation  partly  upon  the  ] 

ciplc  of  atmospheric  pressure. 

syphon    ia  a  bent   tube,  by  mea 

of  which  liquids  may  be  lifted  obo; 

the  level  at  which  they  stand,  ||| 

vidcd  that  they  arc  ultimately  td 

ftrred   to   a  lower  level.     Sn[q 

it  be  desired  to  draw  off  a  tic 

without  disturbing  a  powder  «& 

has  settled  dowu  to  the  botta 

a  vessel ;  a  bent   tul>e   or  ay| 

{s  fig.  lii)  one  limb  of  which 

lunger  tlian  ihc  other,  u  filled  1 

water,  and  closed  by  placing  ■ 

finger   at  tiic   ca&  o<£  \)to  \<n\^ 
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■  ,  ?nc "  instrument    is    then    inverted,    and    the   short   lim 
..'[lidly    plunged  into   the  liquid   to   be    decanted.       On 

UHitiug   tLe  finger  frum  the  longer  limb,  the  liquid  flows, 

nU  eoutioiie   to   do  so  as   long   as    the  shorter    limb    remains 

bdow  the   snrfBce   of  the   liquid   in    the  vessel.     If  the    vessel 

I,  hovever,  be  raised   until   the   longer   limb  of  the  syphon  : 

hmwrsed  in  the  liquid  tbnt  has  run  over,  and  the  liquid  stand) 

It  tlw  same  level  in  both  vessels,  no  further  flow  will  take  plat 

■'  -  be  agsin  depressed,  the  flow  through  the   syphon   will   again^ 

■  iicucd.  Wlion,  as  was  efiected  by  tiie  expedient  of  raising 
1  rvrrr  vessel  till  the  liquid  stood  at  the  same  level  in  both,  the 

L'  limlM  of  the  syphon  are   of  equal  length,  the  column  of 

i  in  each  has  the  same  perpendicular  height,  and  the  down- 

!  pressure  of  each  column  will  be  the  same:   neither  column 

nrcpondcrate  over  the  other :  but   if  the  vertical  column  of 

.  I  be  longer  on  one  side  than  on  the  other,  this  longer  column 

Lieoesaarily  press  downwards  with  more  force  on  that  side  than 

iij.-  colamu  in  the  shorter  limb  presses  in  the  opposite  direction ; 

Ike  atmospheric  pressure,   however,  ia  equal  on   both  sides;  the 

bfavicr  ooltintu  therefore  runs  out  of  the  tnbc,  drawing  with  it 

tt(  liquid    in  the  shorter  limb,  and  the   place   of  this   liquid  is 

•np^icd  by  a  fresh  portion  from  the  vessel,  owing  to  the  pressure 

il  tbe  atmosphere  which  drives  it  up   into  the  space   that   would 

othenrtite  become  empty. 

(j6}  Dowttwitrd  pressure  of  the  Almoaphere. — From  what  has 
Ins  already  stated,  it  must  be  obvious  that  we  are  living  at  the 
'  "!<tn  of  a  vast  aerial  ocean,  and  subject  to  the  pressure  of  the 

■  r.ncambent  mass, — a  pressure  which  amounts  to  about  15 
>'1«  upon  every  siiuare  inch  of  surface,  and  as  has  been  estimated, 
>i>al  14  or  15  tons  upon  the  surface  of  the  body  of  a  man  of 

"2;c  slnture. 

1  tie  existence  of  tliis  downward  pressure  of  the  air  is  a  matter 

■';i:  higlipst  im|K>rtanee  to  us  in  the  economy  of  nature  and  of 

It  tulmits  of   proof  by   experiment  in    a  variety  of  ways. 

._:.  receiver  of  the  air-pump  may  at  (irst  be  lifted  from  the  brass 

ntliout   dilSculty,  but  after   a    few  strokes  of   the  pump 

ordioAry  process   of    exhausting,    it    becomes    fised    by 

I  of  the  superincumhcut   air,  uncompensated  by  that 

I  like  rose].      It  is   for  this  reason  that  an  arched  form  is 

I  the  external    surface    of   vcfiaels  designed    to    bear  ex- 

If  the  hnud   be  placed  01  er  the  mouth   of  a  tcccwet 

p  jrt  the  top  an  opening,  of  2    or  j   inches  iu   dVamcltit,  u 

■  r  nanonJ  of  tbe  air  wiii  make  this  i»res3uve  \ia\«^u\\^ 
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Bensible ;  and  if  a  piece  of  bladder  be  moistened  anci  securely  li( 
over  the  opening  and  then  left  to  dry,  its  surface  will,  when  a  po 
tion  of  the  enclosed  air  is  removed,  become  very  tense  and  conca* 
and  if  the  exhaustion  be  carried  far  enough,  it  will  suddenly  bn 
with  a  loud  report. 

But  the  question  will  naturally  arise,  bow  is  it,  that  if  ( 
bodies  arc  subjected  to  the  enormous  pressure  above  indicated,  w 
are  not  only  able  to  support  it  without  being  crushed  or  rooted  I 
the  earth,  but  are  even  insensible  of  its  esistcuce.  The  reason  i 
that  the  pressure  is  equal  in  all  directions.  The  air  upon  th 
earth's  surface  being  compressed  by  that  above  it,  acquires  a 
elasticity  sufficient  exactly  to  counterpoise  that  pressure,  and 
presses  laterally  and  upwards,  with  a  force  exactly  equal  to  th 
with  which  it  is  compressed.  A  very  simple  experiment  will  suffi 
to  demonstrate  the  upward  pressure.  Take  a  glass  jar  with 
smooth  edge  (a  common  wine-glass  will  do),  fill  it  with  water,  ctoi 
the  month  with  a  card  or  with  a  hit  of  paper,  retain  the  paper  i 
its  place  with  the  hand,  and  turn  the  jar  mouth  downwards ;  fi 
hand  may  be  removed,  the  card  will  remain  supported,  and  tl 
water  will  not  escape.  Indeed,  we  might  thus  support  a  colon 
of  water  33  feet  long  (but  not  longer],  as  that  would  just  balaai 
tlie  pressure  of  a  column  of  air  of  equal  diameter.  It  is  th 
upward  pressure,  eitcrted  by  the  portion  of  the  air  that  is  dissoln 
in  our  blood,  and  that  pervades  every  tissue  of  our  frame,  ■ 
renders  us  unconscious  of  the  atmosjihcric  pressure.  If  the  pre 
sure  upon  the  surface  of  the  body  be  decreased,  as  by  ascendii 
a  lofty  mountain,  great  inconvenience  is  often  experienced  j  blee 
ing  at  the  nose,  and  other  unpleasant  symptoms  sometimes  ariaij) 
from  the  expansion  of  the  air  within  the  body  when  the  extern 
pressure  is  removed.  Blood  flows  in  the  operation  of  cuppinj 
l)ecause  the  atmospheric  pressure  is  partially  removed  over  t 
wounds  inflicted  by  the  lancets. 

(37)  Pneumatic  Trough. — Among  the  many  ttsefiit  opplicaiioi 
depending  ou  the  pressure  of  the  air,  is  a  simple  but  invdusi 
contrivance  of    Priestley's,  called  the   pneumatic  trough,  ii\Si 

I  enables  us  to  confine  air  and  gases  in  vessels,  and  to  decant  t 
from  one  to  another  with  oi  much  ease  as  liiiuids  may  be  n 
and  j)oured.     The  pneumatic   trough  consists  merely  of  s  1 
containing  water,  fig.  1 9,  across  which,  at  the  depth  of  ]  or  3  tiuft 
from  the  top,  a  leflgo  or  shelf  is  placed ;    the  jars  de»tiaed  ' 
it)ceira  the  gas  are  filled  witli  water,  and  placed  with  their  numtl 
tiov/iw&n)a  upon  the  shelf,  which  is  kept  alxnii  an  inch  1 
■/tter:  into  tbnc  jun  the  pu  u  nUowcd  lo  W\Mc  u\i,«u& SX'm 
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^  mnirffcrrecl  from 

■  to  another  by  an 

erted      pouring. 

■.  nrnnjarliBsbeeD 

iLfi,    or    ptu-tialty 

(il   with    gas,    it 

ly  be  readily  re- 

icd    from    jilace 

:^  jiUee  by  sliding 

nndcr      its       open 

iBuuth,    vbile    stilt 

imnifTscd  io  water, 

i.Ialc  or  shallow 

y,        containing 

■ 'tiT,  on   irhicli  it 

.jj  be    lifted    out 

;fap     pneumatic 

:  u|;h  as  xt  B. 

[38)  When  large  quantities  of  gas  are  to  be  stored  up,  a 
:  '.n-nt  apparatus,  the  s"'  holder,  is  employed,  and  in  this  instru. 
mt  aUo,  advnntage  is  taken  of  the  downward  pressure  of  the  at - 
iifibrrr.      The  gas  bolder 

r.'presentcd  in  fig.  20.     It  Fio.  30, 

of  a  cylinder  b, 
laled  by  a  tray  a,  for 
gvater;  Ihistrayeom- 
I  with  the  cylinder 
I  of  two  pipes  pro- 
I  with  Btop-eocks  ;  ouc 
I  pipes,  /,  proceeds 
f  to  thi:  bottom  of  the 
B,  and  is  open  at 
Ijkactreinities ;  the  other 
mly  just  enters  the 
[  the  lo«*er  cavity  :  at 
r  part  of  the  cylin- 
RS  abort,  wide  [ti\ic.  <\ 
r  ofaUqncly  niiHuids, 
■nishcd  with  a  plug, 
1  it  can  be  closed  at  pleasure.  A  third  stop-eock  is  iutro- 
i  at  the  upper  part  of  the  cylinder  at  ff,  to  which  a  flexible  tube 
^beattadied  for  (ipw/jrenience  of  transferring  the  gas.  t^ww 
.idK-  the  s^  holder  to  be  fall   o£  atmospheric  air   aii4  to  \ie 
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■wanted  for  use ;  the  pipe  c  at  the  bottom  is  closed,  water  is 
into  the  trny,  and  both  stop-cocks  in  the  vertical  pipes  are  opened ; 
the  water  descends  through  the  longer  pipe/,  whilst  the  air  escape* 
ill  bubbles  through  the  shorter  one  e ;  when  b  is  completely  full, 
the  stop-coeks  are  closedj  and  the  plug  at  the  bottom  removed ;  to 
water  escapes,  owing  to  the  pressure  of  the  atmosphere  upon  the 
surface  of  the  liquid  in  the  wide  tube  c,  the  water  being  retuned 
just  as  in  the  ordinary  bird  fountain.  The  neck  of  the  retort  ■, 
or  other  vessel  for  producing  the  gas,  is  introduced  completely 
within  the  cylinder,  and  the  water  is  displaced  by  the  gas  which 
and  accumulates  in  the  upper  part,  whilst  the  water  rnaa  off 
into  a  vessel  placed  below.  The  progress  of  the  experiment  mij 
be  watched  by  means  of  the  glass  tube  d,  which  is  open  both  at 
top  and  bottom  into  the  cylinder  b  ;  the  level  of  the  water  within 
the  instrument  is  thus  always  exhibited.  In  order  to  use  the  gu 
stored  up,  the  phig  is  replaced  at  c,  and  the  stop-cock  in  the  long  pij* 
opened  to  allow  the  column  of  water  to  exert  its  pressure  ou  ths 
gas,  which  escapes  on  cautiously  turning  the  stop-cock  e,  and  may. 
either  be  received  in  a  jar  placed  in  the  tray  over  the  short  tube  ^ 
or  it  may  be  conveyed  away  through  a  flexible  tube  attached  t4 
the  stop-cock  g. 

{39)  Water  dissolves  all  gasea; 
some  in  small  quantities,  and 
others  with  very  great  avidity 
the  latter  of  course  cannot  be  col 
lected  over  water.  Indeed, 
all  cases  where  great  accuracy  il 
requisite,  some  other  liquid  ni 
be  substituted  in  the  trough 
jars  for  water.  Mercury  is 
fluid  which  ofi'crs  fewest  inconve-. 
nicnces,  and  it  is  usually  employed' 
for  this  purpone  in  a  trough,  the  form  of  which  is  seen  in  fig.  at. 
{40)  Correction  of  Gaseg  for  Pressure. — The  foregoing  mode  vt 
^X)llecting  gases  over  mercury  leads  us  to  consider  a  correction  of' 
great  importance  in  cases  where  an  accurate  measurement  of  the 
bulk  of  a  gas  is  requisite.  In  all  cases  a  portion  of  air  or  gss 
which  communicates  with  the  atmosphere  cither  through  the  tralll' 
of  n  flexible  bag  or  bladder,  or  that  is  confined  over  water  at' 
mercury,  is  subject  to  the  pressure  of  the  atmosphere,  transmitted 
to  it  either  through  the  flexible  material,  or  through  the  interposed | 
portion  of  liquid.  If,  in  the  pneumatic  trough,  the  liquid  nithin 
and  without  the  jar  stand  at  the  same  level,  the  prcisanrc  upon  the 
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^^Bttdcd   air  will  W  e^iacUy  that  due  to  tbe  atmosphere  at  the 

^^hft;  if,  liuwever,  the  liquid  within  Htniid  higher  than  that  in  the 

■A,  the  air  will  be  subjected  to  a  pressure  less  than  tliat  of  the 

ibHsphere  at  the  time,  by  the  amount  necessary  to  support  the 

olnma  of  liquid  aI>ove  the  outer  level  of  that  in  the  bath. 

Obwrvft^oQ  has  shown  that  the  pressure  of  the  atmosphere  at 
fte  samo  spot  is  liable,  from  diSereut  causes,  to  continual  variation. 
The  areivge  pressure  at  the  sea  level  is  equivalent  to  that  of  a 
adtunn  of  mercury  30  inches  in  height;  but  in  this  climate  it 
if  iaai>etim»  so  much  diminished  as  to  support  a  column  of  only 
^Knit  28  inches;  at  other  times  the  pressure  will  be  equivalent  to 
31  iiicbcs  of  mercury.  Now  tbe  same  quantity  of  gas  will,  under 
ikwe  iliflerenl  circumstances,  sometimes  occupy  a  bulk  consider- 
»Uy  greater,  at  others  considerably  less  than  the  average. 

U  ia  oecessary,  therefore,  iu  all  experiments  upon  the  weight  or 
bnlkaf  gaees,  to  Dhaervetbc  beightof  the  barometric  column,  as  this 
pt«  the  pressure  to  which  the  gas  is  at  the  same  time  subjected. 
Tliis,  however,  is  true  only  when  tlie  liquid  in  the  bath,  and  that  in 
Ibe  jar,  are  on  the  same  level.  In  practice  it  is  rarely  possible  to 
Buke  them  rigidly  so.  The  liquid  generally  stands  highest  in  the 
jsr.  Supposing  the  gas  to  have  been  collected  over  mercury,  iu 
crder  to  allow  for  the  dilatation  occasioned  by  this  inequality  of 
letcl,  the  difference  of  the  two  levels  must  be  accurately  measured, 
■ad  the  measurement,  so  obtained,  must  be  subtracted  from  the 
ii  if:ht  of  the  mercurial  column  iu  the  barometer  at  the  time.  A 
iijilar  correction  is  required  if  the  gas  be  standing  over  water, 
it  it  is  smaller  in  amount,  a  column  of  water  of  ij'S  inches  in 
.  ight  being  equivalent  to  1  inch  of  mercury.  When  the 
'^essarj*  measurements  have  been  made,  a  simple  calculation 
-Lutn  Ibe  bulk  that  any  gas  would  have  occupied,  supposing  it  to 
li«¥c  been  measured  under  the  presame  of  30  inches  of  the  baro- 
Bieter,  which  iu  this  country  is  taken  as  the  standard.^ 

Suppose  that   having   measured   lo   cubic   inches   of  oxygen 


•  In  ulber  conntripa  the  standard  presanre  to  whieh  gaseg  aie  corrected  is 
irniU  iliat  whiub  has  been  propoBi^d  by  the  French  ;  vis.  that  of  a  column 
/■omilliiDelrpgforig-fjuEtijifish  inches)  in  height ;  conaei^nently 
■■  I  Um,  mcssared  under  tbo  English  BtBnds.rd  preasiire  of  30  inchei, 
'  r  tbe  FruDcb  standard,  fill  b  space  of  loOMbi  cubic  inchei. 
■.jiesking.  hoirever,  ihe  observation*  should  be  reduced  to  the 
'         '  of  meKary  39*1)31  inobea  in  height  at  31°  P.     Surh  a 


Mkinm,  oitiae  to  the  expansion  of  ntereorj  by  beat,  would  be  increased  ji, 
al  tin  Inogtli,  at  the  mean  tempirature  of  60°  K.,  and  consequently  would 
than  BiiMMire  30*005  inches :  sud  under  this  pressure  100  cubic  incbctt,  tnea- 
irrd  I 

m 


^  s  pressure 

il  ■  barometric  pressure  of  ^o  inches,  would  be  reduced  to  tjij- 
atdut,  a  diSerenire  eo  UiSing,  that  it  tnAj  almost  always  be  aBg\«c\« 
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standing  over  mercury,  the  level  of  the  metal  in  the  jar  being 
I  '5  inches  higher  than  that  in  the  bath,  the  barometer  at  the  time 
standing  at  2975,  it  is  desired  to  ascertain  what  bulk  the  gas  would 
occupy  under  a  pressure  of  30  inches.  By  Marriotte's  law  (26) 
the  bulk  of  a  gas  is  inversely  as  the  pressure  to  which  it  is  sub- 
jected.    Therefore — 

Standard  pressure.  Observed  pressure.    Observed  toL     Troevd. 

.0  .  (  ^^'^5  or     ;      ..     j^      .      (^(=9-4i 

I  3975-I-5  5     "  "     l^^'  "»•) 

In  estimating  the  weight  from  the  bulk  of  a  gas,  it  is  necessary 
to  make  a  further  correction  for  the  temperature  (138),  as  well 
as  for  the  state  of  moisture  or  dryness  which  it  may  possess  at  the 
time. 

(41)  Density  of  the  Atmosphere  at  Different  Heights. — ^A 
remarkable  consequence  of  the  law  of  elasticity  in  gases  is  exhi- 
bited in  the  increasing  rarefaction  of  the  atmosphere  in  ascending 
from  the  surface  of  the  earth.  The  air  is  subject  to  a  pressure 
which  gradually  decreases  with  the  progressive  elevation 
above  the  sea  level.  This  will  be  evident  if  we  consider  the 
atmosphere  to  be  composed  of  a  series  of  layers  or  strata: 
the  lowest  layer  supports  the  pressure  of  the  entire  super-incum- 
bent mass ;  the  one  next  above  this  supports  the  pressure  of  all 
but  the  lowest ;  the  third  that  of  all  but  the  two  lower  ones,  and 
so  in  succession.  In  consequence  of  Marriotte's  law — viz.,  that 
the  bulk  of  elastic  fluids  is  inversely  as  the  pressure,  it  is  found 
that  if  the  air  be  examined  at  a  series  of  heights,  increasing 
according  to  the  terms  of  an  arithmetical  progression,  the  density 
of  the  air  decreases  according  to  the  terms  of  a  geometrical  pro* 
^ression.  In  the  following  table  the  heights  above  the  surface 
arc  taken  in  arithmetical  progression,  increasing  regularly  by  dis- 
tances of  3*4  miles ;  the  bulk  of  equal  weights  of  air  at  these  suc- 
cessive heights  increases  in  geometrical  progression,  the  volume 
being  doubled  for  each  step  in  the  ascent ;  while  the  density,  and 
the  corrt^spoudiug  height  of  the  barometer,  decrease  in  the  same 
^)nietrie  ratio,  l>cing  at  each  successive  elevation  exactly  half 
what  they  wen>  at  the  preceding  one  : — 

Dt'nsity  of  the  Air  at  incr easing  attitudes. 

Height  or  Baraneter. 

—  3000 

—  15-00 

H  '!?^ 

3*75 

—  \'Hi 


M  .U^  aIhito  t  h^  Sm.        Uulk  of  equal  weight  of  Air. 

DenMtr. 

0                  —                    I 

— 

I 

.V4              -                 a 

— 

i 

OS              —                 4 

— 

i 

\0'3               —                   8 

^ 

i 

#.//>         —          16 

— 

■^ 

'ro         —          ji 

— 

I'jier  StVraKENT    HEIGHTS. 

The  annexed  diagram,  {fig.  aa) 

'  ;hlly  aliered  from  one  ia  Tom- 

i«on's  Treatise  on  Pucumatics,  is 

,;,i(iaacd  to  represent  a  vertical  sec- 

11   of  tlie    atmosphere ;    the  left   **  •*'" 

L[id  column  shows  the   height  in 

ili-»  above  or  beiow  the  sea  love! ; 

r    ri^ht-hand  cohimn  the   corre- 

>inding  heights  of  the  barometer 

<i   inches;  a   indicates  the  altitude 

:  rbchighcBt  peaksof  the  Himalaya;  ^" 

'Aie  altitude  of  23,018   feet,  the 

-■■atest  hinght  attained  by  a  balloon 

'  sy  Liissac,    1;    Sept.,   1804);  c 

i'llkeitb  mine, Cornwall,  1440 feet; 

'  liie  di«pest  sea  sounding  yet  ob- 

iincd,  7706  fathoms,  or  H^  miles,  " 

,.  Denhani)  H.  M.  Ship  Herald, 

'.  ao,   1852,  lat.  36°  49'  S.j  Ion. 

|6'W. 

Ut  is  otrvioQH  that  a  knowledge 
me  law  of  the  decrease  of  den- 
Bia  the  atmosphere  furnishes  the 
s  of  ascertaining  the  height  of 
Dtains  by  the  employment  of  the 


«^»/ 


^oung  has  cnlcnlatcd  that  if  the 
f  coDtinoed  to  diminish  indefi- 
f  in  density,  according  to  Mar- 
e's law,  I  cubic  inch  of  air  of 
r  mean  density  of  tliat  at  the 
::rth'*  surface  would,  at  a  distance 
'!\toco  miles  from  the  earth's  sur- 
jc  (or  at  a  distance  equal  to  the 
:,rth's  radius),  fill  a  sphere  the  dia- 

^rr  of   which  ia  equal  to  that  of  the  orbit    of  Saturn;  and,  on 
!  ■•  tithcT  baud,  if  a  mine  could  be  dug  46  miles  deep  into  the  v 
'th.  (hr  air  at  the  bottom  would  be  as  dense  as  quieksilver. 
T^       tjucrralions  of  astronomers  upon  the  amount  of  refraction 
(I  by  tite  light  of  the  heavenly  bodies  in  traversing  tlic 
however,  have   rendered   it  probable  tlint  there  v*  * 
I  to  ibc  apper  surface  of  oar  atmosphere,  as   defiu\te  a?,  liiaH 
"  s  waten  of  the  oeeaa,  the   repulsive   force   of  iW   ^axtiill 


COHESION. 

Twing  at  length  exactly  balanced  by  tlieir  gravitation   towartls  tt 
earth. 

§  11.  Cohesion. 

(42)  In  the  case  of  gases  the  predommance  of  elasticity  is  t1 
leading  characteristic ;  in  the  case  of  solids  the  opposite  power 
cohesion  is  that  which  first  demands  attention.  Cohesion  is  tl 
force  which  binds  together  the  pame  kind  of  particles  into  one  rasi 
It  is  this  force  which  retains  a  bar  of  iron,  a  block  of  wood,  or 
litmp  of  ice  in  a  single  piece. 

It  is  ob>'ious  that  the  cohesion  of  different  bodies  varies  greatlj 
Cohesion,  however,  appears  to  be  uniform  between  particles  of  tb 
same  kind  placed  under  circumstances  similar  as  to  tempemti 
and  structure.  Owing  to  the  difficulty  of  securing  uniformity  i 
texture  and  freedom  from  flaws,  even  in  the  most  compact  sul 
stances,  such  as  the  metals,  it  is  difficult  to  estimate  the  coeffideii 
I  I  of  cohesion  in  any  material  with  precision  ;  although  the  genei 
'  '  fact  that  iron  is  much  tougher  than  copper,  and  copper  than  lea 
is  at  once  recognised.  Two  methods  have  been  generally  used 
determine  tbc  cohesive  power  of  solids  ;  the  first  consists  in  es' 
mating  the  weight  required  to  stretch  rods  of  a  given  diameter,  ■ 
the  substance  under  examination,  until  they  give  way  ;  the  secon 
in  finding  the  amount  of  force  required  to  crush  a  cube  of  the  sot 
stance  of  given  dimensions. 

The  strength  of  materials,  all-important  as  it  is  to  the  engini 
md  to  the  architect,  has  little  to  do  with  chemistry,  although 
tions  in  cohesion  and  aggregation  of  the  same  sulistatice 
a  marked  influence  on  the  rapidity  of  many  chemical  actioi 
Gunpowder,  for  example,  is  reduced  to  grains  in  order  that  e* 
portiop  may  quickly  ignite,  and  contribute  its  expansive  force 
act  upon  the  bullet ;  but  the  very  same  material,  before  it  has  bo 
granulated  and  whilst  in  the  form  of  hard  compact  masses,  aa 
comes  from  the  press,  bums  comparatively  slowly,  like  a  fnsce 
I  a  portfire. 

(43)  Particles  of  a  similar  nature  will,  under  the  influence 
cohesion,  reunite,  after  complete  separation,  if  brought  suSJeientI 
near  to  each  other.     This  is  shown  on  pressing  together  two  clcai 

k  smooth,  and  freshly-cut  surfaces  of  lead ;  they  will  cohere,  and 
force  of  some  pounds  will  be  required  to  separate  them.  In  tl 
fcarac  way,  loo,  perfectly  polishet!  plates  of  gkss  cohere,  sometitni 
KO  completely  that  they  may  he  cut  and  worked  as  a  single  pice 
^A/g  haa  aot  unfre(iuently  happened  in  plate-gla**  innuufuitoriws. 
Accordiag  to  tiic  jiropurtiou  that  cohesion  \ii:ar^  to  o\\\m  ^^w 


I 


L^B^aatt^taOflb; 


[CSIUX    OF    SOLIDS— SCALE    OF    BAJ1DNES8. 

%t^cl),  lite  heat  and  elasticity,  tend  to  separate  the  particles  of 
suiter  from  each  other,  the  body  assumes  the  solid,  the  liquid,  or 
•Ir  aeriform  state.    Considerable  diflerences  in  physical  properties 

r-  produced  Iwtli  in  solids  and  in  liquids,  by  variations  in  the 

i^ree  of  cohesion  existing  among  their  particles, 
(44)   Cohesion  0/  Solid*. — In  solids,  these  variations  give  rise  to 

'ITercncea  in  hardness,  elaaticity,   brittleness,  malleability,    and 

idility. 
The  hardnest  of  a  body  is  measured  by  its  power  of  scratching 

lier  subsitmccs,  and  it  consists  in  the  degree  of  resistance  which 

'-■  particlc&  ofTer  to  the  slightest  change  of  relative  position.  To 
Uw  miucralogist,  the  variations  in  the  degree  of  hardness  pre- 
dated by  diiferent  crystallized  bodies,  often  furnish  a  valuable 
pbysical  sign  by  which  one  mineral  may  be  discriminated  from 
VAtm  which  resemble  it.  Tor  the  purpose  of  facilitating  such 
(Mmpah^ons,  Mohs  selected  ten  well-known  minerals,  which  are 
caainerated  in  the  following  tabic,  each  succeeding  one  being 
kirdcr  than  the  one  which  precedes  it ;  thus  arranged,  they  consti- 
tute what  he  terms  a  Scale  of  hardtiess,  which  has  been  generally 
utiipted.  Iq  the  examples  selected,  each  mineral  is  scratched  by 
tW:  one  that  follows  it,  and  the  hardness  of  any  mineral  may  be 
determined  by  reference  to  the  types  thus  selected.  Thus,  suppose 
k  body  neither  to  scratch,  nor  to  be  scratched  by  fluor  spar,  its 
ktrduesB  is  said  to  be  4 :  if  it  should  scratch  duur  spar  but  not 
^■tite,  its  liarduess  is  between  4  and  j  ;  the  degrees  of  hardness 
biiBg  nambered  from  i  to  10.  The  figures  on  the  right  indicate 
the  number  of  minerals  known  of  the  same,  or  approximatively 
lb  niue  deigree  of  hardness,  as  the  substance  opposite  to  which 
IkejF  tUnd;— 

Scale  of  Hardness  of  Minerals. 


•■tof*ctgjfmm.ot  rock  Belt      90 
ulciipu'.f any cleavable variety)   71 


Ajisiitc  (injatallixedj 


d  Felspur  (any  cleavable  variety)  36 

7  Limpid  quartz 26 

6  Topaz 5 

9  SuppUira,  or  ooruudum    .    .  i 

10  Diamond I 


The  cause  of  the  varieties  of  hardness  observed  in  different 
h»  is  Dot  well  imdei'stood.  Even  in  the  same  substance, 
I'iDg  VBTiatioits  iu  the  external  circumstances  to  which  the  body 
ruhjected  often  produce  extraordinary  differences  in  the  degree 
l.onlnrea  which  it  exhibits.  A  piece  of  steel  cooled  sIqwIy  ftooi.  j 
I  batt  »  sort;  /(  may  be  cut  with  a  file ;  and  uniti  %\.vo"on 
J.  /*  riii  eveu  take  iiaprcsaioua  from  a  die ;  w\tt\6t  iXie » 
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piece  of  steely  if  heated  to  redness,  and  suddenly  cooled^  becomes 
as  brittle  as  glass,  and  nearly  as  hard  as  the  diamond. 

Brittleness  is  exhibited  by  bodies  the  particles  of  which  resist 
displacement  with  regard  to  each  other,  except  within  extremely 
narrow  limits.  It  is  generally  observed  in  hard  and  elastic  sab- 
stances. 

Malleability  and  ductility,  or  the  property  of  extending  under 
the  hammer,  and  of  fitness  for  drawing  into  wire,  are  the  very 
opposite  of  brittleness,  the  molecules  of  the  solid  admitting  of  veiy 
considerable  relative  displacement  without  losing  their  cohesion. 
These  modifications  of  cohesion  are  exhibited  only  by  the  metals^ 
and  by  a  few  only  of  them. 

(45)  Cohesion  of  Liquids. — In  liquids,  notwithstanding  the 
facility  with  which  their  particles  slide  one  over  the  other,  and  the 
unlimited  freedom  of  motion  of  each  molecule  within  the  mass  of 
liquid,  a  very  appreciable  amount  of  cohesion  still  exists,  and  is 
displayed  in  the  rounded  form  assumed  by  every  detached  drop. 
This  same  form  of  cohesion  is  also  beautifully  shown  in  the  case  of 
two  liquids  which  do  not  dissolve  each  other,but  which  have  precisely 
the  same  specific  gravity,  as  is  the  case  with  oil,  and  spirit  of  wine 
of  a  certain  degree  of  dilution :  if  a  little  oil  be  poured  into  such 
a  liquid,  it  remains  suspended  within  it  in  the  form  of  a  perfectly 
spherical  mass.  In  the  drops  of  dew  which  firinge  every  leaf  in  a 
fine  summer  morning,  we  have  an  admirable  natural  illustration  of 
this  fact.  A  striking  exemplification  of  cohesion  in  the  particles  of 
liquids  is  also  afibrdcd  by  blowing  a  large  soap-bubble  upon  the 
cud  of  a  glass  tube :  upon  presenting  the  open  end  of  the  tube  to 
a  lighted  taper,  whilst  the  bubble  is  still  attached  at  the  other  end, 
the  contraction  of  the  film  expels  the  air  with  sufficient  force  to 
extinguish  the  taper. 

The  researches  of  Donny  {Ann.  de  Chim.,  III.  xvi.  167)  have 
added  many  curious  facts  to  our  knowledge  of  the  cohesion  of 
liquids.     The  following  form  of  one  of  his  experiments  may  be 

cited  as  an  illustra- 
*  *^*_  tion : — A  tube,   a, 

fig.  23,  about  36 
inches  long  and  i 
inch  in  diameter,  is 
bent  at  its  middle 
to  an  angle  of  about 
60^ ;  it  is  sealed  aft 
one  end,  and  filled 
with  distilled 


I 


I'ci,  wbed  fiieiulie  i»  closed,  is  to  occupy  about  two-thirds  of  its 
-i.-tocdt/;  the  water  is  thoroughly  boiled  Tor  an  hour,  and  the  tube 
then  hermetically  closed  whilst  boiliug.  lu  this  conditiou  the 
iW  cuntjiitis  only  nater  and  the  vapour  of  water.  After  it  has 
■ji  cartifnlly  reversed,  as  at  a,  it  may  be  brought  into  the  posi- 
11  rcpreMmted  at  b,  and  the  water  will  oevertheleas  be  supported 
■  i>c  the  level  of  the  liquid  in  the  other  limb  by  adhesiou  to  the 
'IJue  of  the  glas^,  and  by  the  cohesion  among  its  own  pnrticlea. 
.  itciw  the  tube  be  inclined  in  such  a  manner  that  a  minute 
.  )')le  of  nqueouB  vapour  is  made  to  pass  up  into  the  full  limb, 
.  ooiuaiQ  of  water,  having  its  continuity  broken  at  one  point, 
iHiodiately  falls,  and  the  level  of  the  liquid  in  both  limbs  becomea 

Even  amongst  liquids,  considerable  differences  are  observed  ia 
i  degree  io  which  the  cohesive  force  is  exhibited.  Limpid 
j  litis  are  those  which,  like  ether  or  spirit  of  wine,  display  great 
-  ibility  of  their  particles:  bubbles  produced   in  such  liquids  by 

t^Ution,  qatckly  rise  to  the  surface,  break  ami   disappear.     In 
oil,  tynp,  aud   gum-water,  the  particles  move    sluggishly ;  such 
lifirids  are   termed  rticous.     The   viscosity  of  liquids   presents   a 
"•^in   analogy   with  the  malleability   of  solids.     In  a  few  iu- 
iiiooi,  whilst  the   solid  is  melting    under  the    intlucnce  of  heat, 
TisGOiut  state  is  observed  intermediate    between  the  hardness  of 
.<t*    aud    the    perfect    mobility   of    liquids.      Melted   sugar,   or 
.:lcT-sug«r,  is  u  case  in  point.       The  occurrence  of  viscosity,  as 
intermediate  state,  is  rare,  except  in  the  case  of  a   mixture  of 
^^M  aabetauces,  one    of  which    melts  at   a    temperature    a    little 
^^b^  tbau    the    other.     Glass,   which   is  a  mixture  of  several 
^^^Hpto  of  diScrcut  degrees  of  Visibility,  offers  a  striking  example 
^^Biria  kind  ;  indeed  to  this  condition  it  owes  the  plastic  properties 
;  which  it  is  rendered  capable  of  adaptation  to  the  multifarious 
rpo»c»ta  which  it  ia  now  applied,     A  true  chemical  compound 

IpKaMV  at  ODce  from  the  solid  to  the  liquid  form,  as  when  ice,  for 
eaoiplc,  by  fusiou,  becomes  water.     A  few  of  the  simple  bodies, 
krvever,    prcseut    some   remarkable    cases  of  the    occurrence  of 
'^[(isity  preceding  fusion  ;  such,  for  instance,  as  phosphorus,  and 
■w:    metals  which,  like  iron   and    potassium,    admit  of   being 
't^^lded/  n  proce^  in  which  fWo  pieces  of  the  metal  arc  united 
Jj  oae  mass  by  hammering  or  pressing  them  together  whilst  they 
.  in  the  soil  conditiou  which  is  observed  before  fusiou. 

146)  All  analogy  leads  to  the  conclusion  that  cohesion  would 
'  cudrely  destroyed  in  every  elementary  body  by  a  aufBcient 
",ition  of  ita  teinjierBtiire;  though  there  are  some  bodies  «Vi 
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have  not  as  yet  been  liquefied,  and  nianj  which  have  not  been  con* 
verted  into  vapour.  The  three  conditions  in  which  the  witne 
chemical  compound  may  exist,  exemplified  by  ice,  water,  and 
steam,  according  to  the  degree  of  heat  to  which  it  is  exposed,  we 
shown  by  a  vast  number  of  other  bodies.  Gold  itself  has  been 
first  melted  and  then  volatilized  by  the  intense  heat  of  the  sun's 
rays  concentrated  by  a  burning  lens.  On  the  other  hand,  by  a  si 
ficient  reduction  of  temperature,  united  with  a  certain  degree  oE 
pressure,  a  number  of  gases  have  been  reduced,  first  to  a  liquid, 
and  several  even  to  the  solid  condition.  The  force  of  cobesioi^ 
like  that  of  heat,  is  therefore  universal.  If  the  repulsion  eserled 
by  heat  could  be  carried  suflSciently  far,  there  is  reason  to  beUev% 
that  every  known  substance,  not  actually  decomposable  by  heat, 
might  appear  as  a  gas ;  and^  by  a  reduction  of  temperature  sof- 
ficient  to  allow  cohesion  to  exert  its  sway,  every  known  gaseooi 
substance  would  probably  exist  in  the  solid  state. 

In  gases,  cohesion  appears  to  be  entirely  overcome,  and  ltd 
not  exert  itself  sensibly,  except  in  cuses  where  the  gas  is  appro 
ing  the  point  at  which,  by  pressure,  or  cold,  it  assumes  the  liqnU 
form  [Note,  §  a6,  182). 

§  III.  AnnEsioN — diffusion  of  liquids  and  oases. 

{47)  Adhesion. — Analogous   to   cohesion,  or    the  power  « 
holds  similar  particles  together,  is  that  of  adhesion,  which  is  exet 
between  the  particles  of  dissimilar  kinds  of  matter.      It  not  1 
frequently  rises  high  enough  to  destroy  cohesion,  as  when  sugar  oi 
salt  becomes  dissolved  in  water,     A  rod  of  glass  or  of  wood  dippw 
into  water  or  oil  comes  out  wetted  under  the  influence  of  thi«  for 
It  is  exerted  between  different  bodies  with  very  different  degree!  < 
intensity,  as  may  be  illustrated  by  the  following   experimcat^ 
take  two  glass  dishes,  sift  over  the  bottom  of  one,  a  layer  of  Ij 
podium  or  of  finely  powdered  resin,  and  over  the  other  a  Uyci 
powdered  glass :  if  a  little  water  be  sprinkled  upon  each,  tbed 
of  Hater  in  the  dish  of  resin  will  I>e  covered  by  a  thin  film  of  I 
powder,  and  when  the  dish  is  inclined  will  roll  about  like  afaot^^ 
cohesion  of  the  particles  of  the  liquid   predominating  over  1 
adhesion  to  those  of  the  solid  :  whilst  on  the  {lowdcred  glas 
the  superior  adhesion  of  glass  to  water,  the  drops  aiuk  in  md  1 
absorbed. 

If  the  solid  is  wetted,  a  certain  preponderance  of  the  force  i 

adhesion  over  the  cohesiun  of  the  particle*  is  ubvionsly  necesMif 

csire  power,  mb  whsa  gliM^ 


'  ^11  »  pRngSttito  mercury,  the  solid  ia  not  wetted.    Extrancoiis 

i  -cuiDftauces,  howerer,  greatly  modify  the  exertion  of  this  force. 

1-  a  film  of  air,  of  oil,  or  of  any  foreign  matter  be  diffused  over 

"■  surface  of  tHe  solid,  it  is  no  longer   the  surface  of  the  solid 

i  iii  the  liquid  which  are  concerned,  but  the  liquid  and  the  surface 

■:i-  •-■r  of  oil  with  which  the  solid  is  covered.     A  clean  glass  ia 

'■'■  li  ii-.'ly  wetted  with  water,  but  if  the  slightest  film  of  grease 

-:    .;n'ii  its  surface,  the  water  runs  off  almost  entirely, 

Ailiit^iiioa  gives  rise  to  a  variety  of  important  phenomena  ;   it 

maiuly    concerned  in  the   production  of  capillary   action,    of 

'utioD,  and  of  the  diffusion  of  liquids  i  it   >s   also   eserted  in 

■nioab,  and  leas  directly  in  the  process  of  the  intermixture  and 

TiiMDQ  of  gases.      In  this  chapter  some  remarks  will  therefore 

-.  made  upon  each  of  these  subjects  in  succession.      Adhesion  is 

■  !'■  more   especially  worthy  of  attentive   study  by  the  chemiBt, 

■■--mse  in  its  manifestations  it  ia  more   nearly  allied  than  any  -^ 

'iw  force  to  chemical  affinity. 

Adhesion   is  exerted  between  hodies  of  all  kinds,  and  when 

it  occurs  between  solids,  it  is  tiie  principal  cause  of  that  resistance 

loiDotiou  which  is  termed  friction.     As  a  general  rule,  friction 

»  greater  between  similar  kinds  of  matter,  less  between  those  which 

<!ifer  in  nature.      An   iron   axle    moving   in  an  iron  socket  expe- 

neocea  tinder  similar  eircumstances  a  greater  amount  of  friction 

Uiaii  if  revolving  in  a  brass  socket ;  and  the  interposition  of  a  sub- 

ance  like  plumbago  or  grease,  the   particles  of  which   have  but 

Wy  little  coheaion,  is  a  familiar  mode  of  reducing  the  amount  of 

fnetioD  iu  niachinery. 

Pew  substances  admit  of  a  greater  variety  of  useful  applications 

fim    their    faculty  of   adhesion    than    caoutchouc ;    its   perfect 

tAhewm  to  glass  adapts  it  admirably  for  stoppers,  and  enables  the 

cknniEt  to  employ  It  for  air-tight  and   He.xible  joints.     This  pro- 

pEtty  of  adhesion  to  the  bodies  which  it  touches,  further  fits  it  for 

buds  for  driving  machinery,  and   for   numberless  other  purposes. 

Okc  of  its  most    ingenious  applications    is  to   the  manufacture  of 

iW  cards  employed  in  the  carding  of  cotton,  preparatory  to  spin- 

...._  ..  ...,^  thread  :  these  cards  consist  essentially  of  a  wire  brush 

ible  back;  they  were  formerly  made  of  astrip  of  leather, 

jii'U   the   wire   teeth  were   passed;  the  holes,  however, 

!  II  aiiiiwed  the  passage  of  the   wire,  speedily  became   enlarged 

]  caoicsil,  from  tlie  strain  on  the    bristles   or    wires    duiiug  use, 

i  ilie  card  ore  long  was  unfit   for  its   office.     By  makmg  X.V\e 

JsiiUc  huck  of  tiro  pieces  of  wovcu  fabric  with  a  layer  o?  caaMX^ 


p 
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^onc  Iwtween  tliem,  towever,  tliia  difficulty  U  now  frnttmy™ 
oiiviated;  tlie  caoutchouc  adheres  to  the  wire  and  followB  it  vhenH 
deflected,  whilst  by  its  elasticity,  it,  as  sooa  as  the  drag  U]xm  tleS 
wire  ceases,  restores  each  wire  to  its  right  positiou.  H 

(48)  CemenU. — The  entire  value  of  cements  dcjiends  apoti  (JM^f 
operation  of  the  force  of  adhesion  ;  and  in  the  variety  of  cea)ad|^| 
rendered  necessary  bv  the  variety  of  materials  to  be  nnit^^^^^^l 
have  additional  proof  that  adhesion  is  exerted  between  (tt^^^^f 
kinds  of  matter  with  very  varying  decrees  of  force.  Glue  O^^^^H 
may  be  used  for  joining  pieces  of  pasteboard  or  wood,  *1^^^^| 
totally  fails  as  a  cement  for  glass  or  china,  either  of  whicb^^^^H 
some  resinous  material  to  nnite  its  fragments  ;  whilst  for  tlMvM^| 
of  marble,  stone,  or  brickwork  with  each  other,  the  use  of  tQortH^| 
or  some  calcareous  cement  is  required.  The  thinner  the  layer  o^| 
cement,  the  more  perfectly  does  it  perform  its  task,  as  it  morsH 
rapidly  and  completely  adapts  itself  to  changes  of  temperatuKiH 
which,  by  causing  it  to  expand  unequally,  would,  if  a  thick  maaiH 
were  used,  destroy  the  cohesion  of  its  own  particles.  H 

Cements  of  various  kinds  are  in  continual  requisition  in  t]nH 
laboratory.  Well  boiled  paste  applied  on  thin  paper  forme  *^| 
excellent  covering  for  corks  and  other  joints  which  arc  li&^J^H 
be  porous  ;  it  must  be  allowed  to  become  nearly  dry  l^f''4^^^^| 
used.  Plaster  of  Paris  made  into  a  paste,  not  too  stiff,  may  fl^^^^H 
used  ;  when  dry  it  may  be  washed  over  with  oil  to  maJut^^^^^l 
tight.  Strips  of  well  soaked  bladder  may  sometimes  be  eid^^^H 
advantageously ;  they  form  a  firm  joint  when  dry :  but  ^^^^^^| 
purposes  where  a  temporary  joint  only  is  required,  nothio|^^^^| 
convcnictit  as  a  strip  of  sheet  caoutchouc  softened  at  the  fira,  B^H 
Iwund  round  the  parts  to  be  connected;  when  soflened  tlini,j^| 
usually  adheres  perfectly  without  even  requiring  to  bo  nMH 
When  the  joint  is  intended  to  l)c  permanent,  as,  for  example,  ^vIli^H 
a  brass  cap  is  to  be  attached  to  the  neck  of  an  air-jar,  a  raris^^H 
cement  consisting  of  5  parts  of  re»in,  1  of  yellow  wax,  uid^^^H 
finely  powdered  Venetian  red,  forms  a  convenient  mixtoB^^^^H 
resin  and  wax  are  melted  together  and  incorporated  ^"ll^^^l 
Venetian  red  by  stirring.  Before  applying  it,  both  the  gta!^V^| 
the  metallic  cap  which  are  to  be  connected  together  must  be  wanae^J 
just  sufficiently  to  melt  the  cement.  When  the  joints  are  reqniw^[ 
to  resist  a  considerable  pressure  without  leaking,  a  mixture  c^| 
rqunl  ports  of  red  and  white  lend  ground  into  a  pia*tc  with  lioseed^ 
oil,  worked  up  with  fibres  of  tow,  and  packed  tightly  into  tbfrl 
tis  firmly,  and  is  not  liable  to  crnck.  ^^^^H 


Tt  Bol  unfrequeiitly  happens  that  the  force  of  adhesion  between 
■  nieut  and  the  bodies  which  it  unites,  surpasses  the  cohesion  of 
particles  which  compose  the  bodies  themselves:  from  this 
i-c  we  uften  see  a  fihn  of  wood  spht  off,  adhering  to  the  surfHce 
'.he  glue,  when  a  fracture  occurs  near  one  of  these  joinings. 
.-.  feat  of  aplittiiig  a  bank  note  into  two  lamina,  which  excited 
niDch  astoDishment,  was  accomplished  by  cementing  it  hrnily 
•neea  two  flat  surfaces,  and  afterwards  separatiug  them;  the 
l.f*ioQ  of  the  paper  being  feebler  than  the  adhesion  to  the 
ritnt,  the  paper  was  split  through  the  middle.  This  method  of 
HtUDg  paper  had,  however,  beeu  long  known  to  the  buhl  cutter 
lii  tttlayer. 

{49)  Capillary  Action. — The  existence  of  adliesion  between 
-ills  and  liquids  is  so  well  known  as  to  need  no  further  illustra- 
li ;  but  it  produces  many  very  importaut  results,  some  of  which 
.li-'t  be  noticed. 

It  is  to  the  adjustment  of  the  forces  of  adhesion  and  cohesion 
'■weien  nolids  and  liquids  under  the  simultaneous  influence  of 
u^ty,  that  the  important  phenomenon  called  capillary  attraction 
I  lie.  If  a  perfectly  clean  glass  tube,  with  a  fine  bore,  and  open 
:  'xrth  ends,  be  plunged  into  water,  or  into  any  liquid  capable  of 
'  uing  it,  the  liquid  will  be  found  to  rise  in  the  tube  cousiderably 
'  AC  the  level  of  its  surface  in  the  vessel ;  and  the  finer  the  tube 
I  higher  does  the  liquid  rise.  Tlie  surface  of  the  liquid  will 
■1  he  'Kxti  where  it  approaches  the  outside  of  the  tube,  or  the  aide 
I  ihc  vessel  cou- 
i^iiug  it,  to  stand 
Ae  the  general 
.1.  (fig.  24  A.) 
!.•  idicnomcnon 
A-  aUo  he  esa- 
iiicd  by  placbg 
h  HStically  id  a  shal- 
r  tnuicl  contain- 
i|«  tittle  coloured 
two  plates 
with  parallel  faces,  which  are  in  contact  by  two  of 
r  vertical  edges,  and  slightly  separated  at  the  opposite  cilges. 
f  liquid  irill  rise  between  the  glass  plates,  the  height  of  the 
imo  liring  inversely  as  its  distance  from  the  angle  of  contact 
I  ihi!  plattw.  The  upper  boundaiy  of  the  liquid  will  con- 
mXj  dojcribe  a  hypcrlxiUc  curve  (fig.  14  b),     T\ie  caMift  cJl 
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the  rise  of  the  liquid  is  the  adhesion  between  its  particles  and 
those  of  the  gloss ;  the  limits  to  that  rise  are  the  action  of  gravity, 
and  the  force  of  cohesion  amongst  the  liquid  particles.  As  tbt 
action  of  gravity  is  equal  under  ordinary  drcumstances  upou  a 
the  particles  of  the  liquid,  it  reduces  the  liquid  surface  to  a  im 
form  level.  When  a  tube  is  introducwl,  the  uniformity  of  ih 
action  is  interfered  with,  as  the  following  considerations  wi 
show ; — the  particles  in  immediate  contact  with  the  side  of  tl 
tube  are  partially  supported  by  adhesion  to  its  surface;  tint; 
therefore  gravitate  downwards  with  a  diminished  force,  and  i 
lonuer  columu  becomes  necessary  in  order  to  compensate  for  Uui 
diminution  of  downward  pressure.  Now  let  us  conceive  the  p«P 
tides  of  the  elevated  column  of  liquid  to  be  arranged  as  a  eerie 
of  contiguous  coucentric  cylinders ;  the  particles  of  the  outermtw 
cylinder  are  sustained  laterally  by  adhesion  to  the  tube,  tbcwe  a 
the  next  cylinder  are  hung  on  to  these,  if  the  expression  may  b 
allowed,  and  sxipported  solely  by  cohesion  with  their  fellows 
those  of  the  third  cylinder  are  hung  on  to  the  particles  of  tb 
second,  and  so  on,  till  we  reach  the  central  rod  of  particles.  Til 
surface  of  the  liquid  is  in  consequence  necessarily  curved  j- 
outer  cylinder,  or  the  portion  of  liquid  in  contact  with  the  tab 
standing  at  the  highest  point.  Now  since  adhesion  is  confined  t 
the  superticial  layer,  and,  between  the  same  substances,  is,  r^teri 
paribus,  constant  in  quantity  for  an  equal  extent  of  surface,  tli 
wider  the  tube  the  shorter  will  be  the  columu  sustained,  as  Ui 
contents  of  the  column  raised  by  cohesion  increase  more  rapid) 
tlian  the  surface  of  the  cylinder.  The  height  of  the  columo  i 
inversely  as  the  diameter  of  the  tube. 

(50)  The  elevation  of  the  column  of  liquid  in  tubes  of  eqni 
diameter  varies  with  the  nature  of  the  liquid,  the  variation  dl 
pending  partly  on  the  differeuee  of  cohesion  between  the  parttdl 
of  the  liquid,  partly  upon  the  difference  of  adhesion  between  i 
liquid  and  the  glass.  In  consequence  of  the  decrease  of  b( 
these  forcea  by  heat,  the  height  of  the  column  dimiiiisheti  m  I 
temiierature  rises. 

The  following  table  from  the  experiments  of  Fraukenheiil 
shows  tlie  height  at  which  the  different  liquids  enumerated  Btaai 
at  32°  F,  in  a  tube  i  millimetre  in  diameter,  (about  ,%  of  an  indi 
with  the  coefficient  of  correction  for  temperature,  which  malt 
plied  by  /,  the  number  of  degrees  centigrade  above  o",  gives  tl 
amount  to  be  deducted  in  millimetres  from  the  number  iu  eolui 

order  to  find  the  height  of  the  capiUary  columu  at  the  ten 
eralure  required. 
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In  liquids,  such  as  mercury,  wliere  the  force  of  cohesioa 
trates  over  their  tendency  to  adhere  to  the  sides  of  the 
I  capillary  action  ia  reversed ;  the  surface  becomes  convex 
'.  concave,  and  the  height  of  the  column  within  the  tube 
.  below  the  general  level.  In  a  mass  of  liquid  each 
t  maintained  in  its  place  by  the  mutual  attraction  of  at] 
landing  ones ;  but  if  a  column  be  isulHted  fi-om  the  mass 
by  the  interposition  of  the  walls  of  the  tube,  the  sides  of 
t  little  or  no  equivalent  adhesive  force,  the  cohesion  of 
below  draws  down  the  upper  particles,  and  produces  a 
1  of  the  column.  This  depression  of  mercury  in  glass 
I  certain  correction  necessary  in  reading  off  the  height  of 
rial  column  in  the  barometer,  which  always  stauds  a  little 
I  the  elevation  due  to  tlie  atmospheric  pressure.  The 
I  the  bore  of  the  tube  the  greater  is  the  depression. 
t  has  shown  that  this  capillary  depression  is  nearly  oue 
in  tubes  that  have  had  the  mercury  boiled  within  them, 
mboiled  tubes,  as  the  process  of  boiling  expels  the  hlni  of 
I  adheres  to  the  glass  in  unboiled  tubes.  By  employing 
'  I  or  J  an  inch  in  the  bore,  this  correction  becomes  so 
At  it  may  be  neglected.  In  a  tube  of  ^  of  an  inch  in 
I  which  the  mercury  has  been  boiled,  the  depression  i* 
,  while  with  a  similar  tube  of  J  an  inch  in  diameter  it  is 
The  capillary  depression  of  mercury  is  slightly  in- 
f  elevation  of  temperature. 
Mng  off  the  level  of  mercury  iu  a  barometer,  or  in  a 
jar  UMd  for  t)ie  measurement  of  gases,  the  height  of  the 
told  be  taken  from  the  coiivcsity  of  the  curve-,  Wl\ 
■  the  volume  of  a  liquid  which  wets  tlie  suttace  ol  ^ 
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glass  tlie  determinstion  bIiooM 
alwajs  be  made  from  tbe  bottom 
of  the  cun-e.  The  lines  a  a.  Lb, 
fig.  2j,  indicate  the  points  iu  Iht 
two  cases. 

(52)  Capillary  action  plays  Ml 
important  part  in  the  operation* 
of  nature,  and  in  a  ^■ariety  of 
ways  has  been  rendered  subserrieiit 
to  the  wants  of  man.  A  familiar  illustration  of  its  euiploymeut  it 
seen  iu  tlie  wicks  of  lamps  and  candles,  which  being  comi>of«d  of  k 
bundle  of  fibrous  materials,  furnish  hair-like  channels  by  which  tlie 
oil  or  melted  combustible  is  elevated  to  the  flame,  and  supplied  u 
fast  as  it  is  consumed.  Capillary  action  influences  the  circulalioD 
of  tlie  liquids  in  the  porous  tissues  of  organized  beings,  and  it  is 
the  principal  mode  in  which  water,  with  the  various  substanca 
which  it  holds  in  solution,  is  supplied  to  the  roots  of  growing 
plants.  By  its  means,  during  the  droughts  of  summer,  &esh  euj)- 
plies  of  moisture  are  raised  towanls  the  surface,  for  tbe  maiulA- 
nance  of  vegetable  life ;  and  in  the  same  way,  wlien  during  winter 
the  surface  is  hard  hound  by  a  long  dry  frost,  water  is  constautlf 
finding  its  way  from  beneath,  is  solidified  upun  the  surface,  and  re- 
mains  stored  up  until  a  thaw  ensues ;  when  this  occurs,  the  accu- 
mulated moisture  mellows  the  soil  and  produces  the  well-known 
soft  and  plashy  state  of  the  ground  which  follows  long-continued 
frosts,  and  which  extends  deeper,  the  longer  the  duration  of  the 
freezing  temperature,  although  neither  snow  nor  rain  may  liare 
iallen. 

A  curious  illustration  of  the  action  of  the  combined  forces 
cohesion  and  adhesion,  in  overcoming  the  force  of  gravity, 
afforded  by  the  following  experiment :— Procure  a  small  cylinder 
of  fine  copper  wire-gauze,  about  3  inches  high  and  2  inches  widc^ 
closed  also  above  and  below  with  the  same  material,  and  furnished 
with  a  stout  wire  to  serve  as  a  handle;  plunge  it  underwater, 
considerable  dilliculty  will  he  experienced  in  expelling  the  air,  o^ 
to  tbe  formation  of  a  him  of  moisture  over  its  euuface,  which  tiy 
the  cohesion  of  the  liquid  particles  composing  it  and  by  its  adhcaxm' 
to  the  wire  gauze,  prevents  the  escape  of  the  uir ;  when  about  half 
filled  with  water,  lift  the  cylinder  out  of  the  liquid,  the  liquid  will 
be  securely  retained  :  water  muy  even  lie  allowed  to  fall  iu  a  geutls 
stream  upon  the  top  of  the  gauzo,  when  it  will  pass  through  and 
ont  below,  without,  however,  alTecling  the  quantity  of  liquid 
within  ;  but  by  giving  the  handle  a  slight  jerk,  the  film  of  liquid 


Tiicli  tupportcd   the  pressure  of  the  atmosphere  will  be  broken, 
ill  the  water  will  then  immediately  escape. 

(j3)  jHfiuencc   of  Surface  on   Adhesion. — As  adheaioii    takes 

I  ire  M>lclr  lictwccii  the  surfacea  of  bodies,  it  is  evident  that  any 

rcwmstance  which  incrtases   the  extent    of   tliat    surface    roiist  , 

:  Jtrrrially  facilitate  the  esertioQ  of  this  force.    Minute  aubdivision, 

^  tlius  iucrea^ing  the  esteiit  of  surface,  greatly  exalts  the  effect 

:  lihcsioa: — for  esatnplc,  a  eube  of  i  inch  in  the  side  exposes  a 

irfacc  of  6  square  inches,  i.e.,  there  is  a  square  inch  upon  each 

I  iw  6  faces ;  if  this  cube  be  subdivided  into  a  number  of  smaller 

i'i«,  each  of  which  is  only  ,  „'.,  „  of  au  inch  in  the  side,  it  would 

Tii>h  1,000,000,000  of  these  minute  cubes.     Now  aa  each  little 

.'jc  has  6  sides,  the  surface  which  it  will  ejtpose  is  T-;r5^„^n;  of  a 

!  i.irc  inch,  or   1,000,000  of  them  will  expose  6  square  inches; 

'it  b,  as  much  surface  as  a  solid  cube  of  an  inch  in  the  sitie: 

'    1,000,000,000  cubes  will  consequently  expose   1000  times  as 

-■'it  >  aarfiu-e,  or  upwards  of  416  square  feet.     The  force  of 

lirxioD,  therefore,  by  such  a  subdivisiou,  should    be  increased 

:iewliat  in  this  proportion.  * 

TTje  influence  of  this  kind  of  subdivision  in  exalting  the  effect 

:  adhenion  is  strikingly  exhibited  in  the  case  of  charcoal.     The 

.'■jctare  of  the  wood  from  which  the  charcoal  is  procured  is  ccl- 

ar:   when  heated  in  vessels  from  which  air  is  excluded,  the  vola- 

r  rotutituents  of  the  wood  are  expelled ;  and  the  charcoal,  which 

!■«  tiat  fuse,  remains  behind  in  a  very  porous  condition,  retaining 

1'  form  of  the  wood  which  furnished  it.     Mitscherlich  calculates 

I  \(  a  cubic  inch  of  box-wood  exposes  a  surface  of  not  less  than 

■  Mioiire  feet  on  the  cells  of  which  it  is  formed. 

AdbcaioD    occurs    between    cbai'coiil   and   other    bodies,  with 

f  force  that  vary  very  much.     For  the  colouring  matters 

tabic  and  animal  origin  this  adhesion  is  extremely  energetic; 

f  these  bodies  be  dissolved  in  any  liquid  and  agitated  with 

,  nearly  the  whole  of  the  colouring  matter  will  be  retained 

e  charcoal,   and   on  separating  the   latter  by   filtration,  the 

ill   rnu   through  colourless.     Ordinary  vinegar,  and  port- 

r  Ihua  be  obtained  in  a  colourless  condition.     Advantage 

J  of  this  fact  in  the  refining  of  sugar ;  in  which  process  the 

re  deprived  of  colour  by  filtration  through  a  column  of 

13   or   13  feet  in  thickness.     The   species   of  charcoal 

I   most    extensively  employed    fur    this    purpose  is   that 

I  by  burning  bones  in  closed  vessels  j  and  it  is  hence  tetmei 

";  or  iforjf  6laci,   or  frequently   animal  charcoal,      't\w, 

t  ia  this  cage  in  a  state  of  cttreme  sub[li\'\8ion  ■,  \\.  Aow  I 
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not  constitute  above  a  tenth  or  a  twelfth  of  the  ircight  of  the  matt  j. 
the  remainder  consists  of  earthy  matters,  chiefly  phosphate  sni! 
carbonate  of  lime.  When  hone  black  has  been  used  for  filtering 
liquids,  and  has  ceased  to  take  up  any  more  colouring  matter,  it 
is  thrown  aside  and  allowed  to  ferment :  if  tlieu  it  be  well  wa^e^ 
and  re-buriied,  it  may  be  used  again  with  nearly  equal  eflect 
Other  animal  matters,  especially  dried  hloail,  furuiali,  when  cal- 
cined and  well  washed,  a  charcoal  which  is  still  more  efGcacioiu. 
The  addition  of  carbonate  of  potash  to  the  mass  before  calciD&tion, 
fitili  further  increases  the  decolorizing  power. 

Many  other  matters  besides  those  possessed  of  colouring  pro- 
perties have  likewise  this  peculiarity  of  adhering  strongly  to  char- 
coal. Graham  has  shown  that  metallic  oxides  in  solution  in  potasli 
or  ammonia,  arsenious  acid  in  water,  and  bodies  generally  of  foehle 
solubility,  possess  this  property ;  a  variety  of  vegetable  matten, 
and  especially  the  bitter  principles,  are  thus  alfeeted.  If  porter 
he  agitated  with  charcoal  and  filtered,  it  will  not  only  he  deprived 
of  colour,  hut  also  of  much  of  its  bitterness.  It  was  formerly  tho 
prnclice,  after  the  active  principles  of  medicinal  phtnts  had  been 
separated  from  tlie  woody  fibre  and  moat  of  the  estrancoua  matten 
with  which  they  are  associated,  to  free  them  from  the  coIouriD|i 
matters  with  which  they  were  contaminated,  by  digestion  wit 
animal  charcoal;  so  large  a  proportion  of  the  active  prindpl 
themselves,  however,  was  found  to  be  retaiued  by  the  chnrcon^ 
that  the  plan  was  abandoned.  In  consequence  of  this  property, 
animal  charcoal  has  been  administered  with  good  effect  in  80IBS 
inatancesof  poisoning  with  vegetable  matters;  in  such  cases  it  cu 
never  be  unsafe,  and  may  often  be  of  great  value.  1  have  foanj 
that  very  dilute  aqueous  solutions  of  salts  of  lead  are  decompovcd 
by  filtration  through  a  column  of  animal  charcoal :  the  nitrate,  ^m 
acetate,  and  the  chloride  of  lead  part  with  their  metallic  base  whick. 
is  retained  by  the  charcoal,  probably  as  a  subsalt ;  whilst  free  nitri^ 
acetic,  or  hydruchloric  acid  is  found  in  the  filtered  liquid. 

Many  fiuely  divided  substances  besides  cliarcoal,  siieh  M 
hydrated  oxide  of  iron  and  alumina,  hydrated  sulphide  of  antimoajr, 
hydrated  phosphate  of  lime,  as  well  as  Iodide  and  sulphide  of  lad, 
when  freshly  precipitated,  also  exert  powerful  decolortzlng  actiont. 
The  decolorizing  power  varies  for  each  substance  with  the  tiaton 
of  the  colouring  principle:  thus  tincture  of  litmus  yields  ib 
colouring  matter  more  readily  to  phosphate  of  lime,  and  to 
hydrated  oxide  of  iron,  than  it  does  to  animal  charcoal  freed  tma 
phosphate  of  lime  by  the  action  of  acids.  On  the  other  hand,  the 
colouring   matter  of  red   uiuc   und  of  molaxses  it   moro  rcadi^jr 
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■'orocd  by  aainial  charcoal  tlian  it  is  Ly  hydrated  phoaphnte  of 
ne,  or  oxide  of  iron  (Filliol,  Ann.  de  Chimie,  III,  ksxv.  208). 
(54)   SoiatioH.  —  Adhesion  is  frequently   manifested    between 
KJids  and  liquids  with  sufficient  force  to  overcome  the  power  of 
Gohraian,  and  tlie  substance  is  then  said  to  become  dissolved,  or  to 
undergo  solution.      In  this  manner  sugar  or  salt  is  dissolved  by 
iFater,  camphor  or  rosin  by  spirit  of  wine,  lead  or  silver  by  mer- 
cury.    Anything  that  wcakcna  the  force  of  cohesion  in  the  solid 
ffltiMirs  solution.     Thus,  if  the  snhstance  be  powdered,  it  becomes 
disolvrd    more  quickly,  both  from    the   larger   eJiteut  of  surface 
wliirfa  it  exposes,  and  from  the  partial  destruction  of  cohesion.    In 
'  ■•  same  way,  heat,  by  increasing  the  distance  between  the  par- 
i^^  of  the  solid,  lessens  its  cohesion,  and  probably  thus  contri- 
i.'ea   so  powerfully  to  assist  in  producing  solution.     If  a  solid 
■  !y  be   introduced  in  snccessiTe   portions  into  a  quantity  of  a 
lid  capable  of  dissolving  it,  the  first  portions  disappear  rapidly, 

-  '1  S9  each  succeeding  quantity  is  added,  it  is  dissolved  more 
'■■ly,  until  at  length  a  point  is  reached  at  which  it  is  no  longer 
.  -olred.      When  this  occurs,  the  force  of  cohesion  balances  that 

fidhe«)on,  and  the  liquid  is  said  to  be  saturated.     It  is  impor- 

i.t  to  remark,  that  in  eases  of  simple  solution,  the  properties  both 

;hc  solid   and  of  the  liquid  are  retained,      Syrnp,  for  instance, 

i.iin*  the  sweetness  of  the  sugar  and  the  liquid  form  of  water. 

"   .  when  camphor  is  dissolved  in  spirit  of  wiue,  the  resulting  tinc- 

•i-  partnkes  of  the  properties  of  both,  having  the  smell  and  taste 

:'i  of  camphor  and  of  spirit.     Solution  is,  in  this  rcsjiect,  distin- 

"  '  r.  >adly  from  those  cases  in  which  a  solid  disap|>ears  under 

cc  of  a  liquid  owing  to  the  esertion  of  a  chemical  force 

'■iii  partidea  of  the  two  bodies;    as  when  copper  is  dis- 

.il  (ly  nitrie  acid,  or  iron  by  sulphuric  acid.     Solution  usually 

-  vm  more  readily  when  the  solvent  and  the  body  dissolved  pre- 
:  t  >ome  general  resemblance  in  properties:  thus,  mercury  dis- 
'.-.r^  nuiny  of  the  metals,  alcohol  dissolves  resins,  oils  dissolve 
rv  Ixxliea  and  each  other.  In  cases  of  chemical  action,  on  the 
'.  T  hnnd,  tliat  action  is  most  energetic  between  bodies  the  pro- 

f  ivhicL  are  most  widely  diifci-ent ;  the  metals,  for  example, 
.  il  by  acids,  oils  by  the  alkalies,  and  silica,  if  melted 
■\i  or  soda,  becomes  soluble  in  water.  The  extent  to 
\  rent  solids  are  dissolved  by  the  same  liquid  varies  almost 
In  water  sulphate  of  baryta  is  almost  absolutely  in- 
^ulpliateof  lime  or  gypsam  is  soluble  in  the  ptQ\ioT\.\0"[v 
rjMrt  in  ^00  of  water;  sulphate  of  potas\v  \u  ahout 
"LwhOc  saiphate  of  magnesia  may  be  dis&oAvcA  \o  ^.W 
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Extent  of  2  pai-tB  of  the  crystala  iu  3  of  water.     It  slioald  be 
,  served  that  water,  after  it  has  been  saturated  with  one  salt,  will 

^^M    still  continue  freely  to  dissolve  others, 

^^B  Many  substances  in  which  the  cohesion  amongst  their  particles 

^^P   is  weak  are  extensively  soluble  in  water,  tliougb  they  have  hut  littlo 
^^     adhesion  to  it.     Such  substances  will  often  be  displaced  by  adding 

a  solution  of  auother  body  which  adheres  more  strongly  to  water. 

Fnisstaa  blue,  for  example,  is  dissolved  by  distilled  water  whidi 

ihas   been  acidulated  with  oxalic  acid ;  but  it  is  precipitated  hy; 
addiug  a  solution  of  common  salt,  or  of  sulphate  of  soda,   andij 
leaves  a  clear  colourless  liquid  above  it  as  the  blue  comjiouud  suli- 
tiides  ou  standing. 
Although  ill  the  majority  of  instances  the  solubility  of  a 
stance  is  increased  by  heat,  it  is  not  uniformly  so.     Lime 
several  of  its  salts  offer  remarkable  exceptions.    Water,  just  abt 
the  freeziug  point,  dissolves  nearly  twice  as  much  lime  as  it  d( 
when  boiling ;  so  that  if  water,  saturated  with  lime  in  the  cold, 
heated,  it  becomes  milky,  and  recovers  its  transparency  aa  it 
Sulphate  of  lime  is  also  slightly  more  soluble  in  water  at  a 
lOO**  F.  than  it  is  in  boiling  water,  A  compound  of  lime  aod  st 
very  soluble  iu  cold  water,  is  separated  from  the  solution  ah 
completely,  if  heated  to  boiling.     But  the  most  remarkable 
of  the  kind  occurs  in  sulphate  of  soda :  this  salt  [the  Glauber's 
of  commerce)  when  crystallized  requires  about  10  times  its  we 
of  ice-cold  water  for  solution,  and  its  solubility  increases  rap 
as  the  temperature  rises,  until   it  reaches  gi^F.:  from  this 
iiutil  the  Bolutiuti  boils,  the  solubility  decreases;  so 
portion  of  the  liquid  saturated  at  91°,  is  heated  ii; 
without  allowing  the  water  to  evaporate,  hard  gritty  ci 
deposited,  and  the  liquid  when  it  boils  retaius  only  aboi 
,   quantity  which  was  dissolvcdat9i'^.     Selcniatcofsodaexl 
I   same  {leculiarity ;  so  also  dues  sulphate  of  irou,  although 
I   decree.     These  anomalous  results  may  be  partly  esplaim 
considemtioii,  that  heat  diminishes  the  force  of  adhe»on 
as  that  of  cohesion  :  generally  speaking,  cohesion  is  the 
pidly  dimiuished  of  the  two,  ftltliuugh  not  uutfumily 
the  rases  of  which  wc  arc  now  s|icaking,  it  would  appear 
I  ftdhcMvo  force  (U^crrAHrs  in  a  j^milcr  ratio  than  the 

valine  partivJon.   An  important  obtcrvBtton  in  rdation  to 
I  has  hocii  made  upon  the  composition  of  the  mlu  jast 
'  which  have  been  found    to   oudcr^  a  change  at  a  t 
6e/ow  that  of  boiliag  water :  »t  the  Icu^^cnXun  of  tlie  wr, 
*B/e»  acuibun  a  cauio  quantity  o£  wUcr,  Viwatt  *s  waiw  bJ 
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"I'Hsaiion :  Ijut  this  water  is  either  wholly  or  partially  PxpcIIed 
:r.-in  the  crystals  at  a  boiling  heat.     Tlie  hard  crystals  of  sulpijate 

■  ioda  which  are  deposited  during  the  heating  of  the  saturated 
-  I'mtioQ  contain  no  water.  The  supersaturation  of  saline  solutions 
i;n  been  made  the  siilyect  of  an  elahorate  series  of  researches  by 
'  •>«cl.  In  the  course  of  these  inquiries,  it  appeared  that  in  many 
.i;}Uaocs  a  salt  which  ordinarily  crystallizes  with  a  large   propor- 

■  >n  at  water  may  be  obtained  in  two  or  more  different  crystalline 
i'  DM,  in  each  of  which  it  is  generally  united  with  a  different 
ijontity  of  water  of  crystallization.    Sulphate  of  soda,  for  esample, 

■  iv  be  obtained  in  three  different  forms — viz.,  the  anhydrous  aalt, 
NsO,   SOj),  a  hydrate  with  7  HO,  and  a  hydrate  with   10  HO. 

.  ii-U  of  these  varieties  has  its  specific  solubility,  which  differs  from 

•  solubility  of  the  other  varieties  of  the  same  salt  (4S8).     It  is, 

'  .'rvfure,  possible  to  have  two  or  more  solutions  of  the  same  salt 

■  the  Mime  temperature,  each  of  which  shall  be  saturated,  and  yet 
wh  of  which  shall  contain,  in  equal  weights,  different  quantities 
I  ihc  salt,  when  reduced  to  its  anhydrous  condition — the  variation 
■ff«tidiiig  upon  differences  in  the  molecular  constitution  of  the 
-It.  Carbonate  of  soda,  again,  crystallizes  in  two  different  forms, 
irh  of  which,  singular  to  say,  contains  J  HO;  but  the  solubility 
•  these  two  varieties  is  different  (491) ;  and  a  similar  observa- 
■m  has  been  made  in  the  case  of  sulphate  of  magnesia. 

Diffusion  of  Liquids. 

(55)  Adhesion  between  Liquids. — In  the  majority  of  instances 

:henon  between  dissimilar  liquids  is  very  perfect;  and,  from  the 

-niplcte  mobility  of  the  particles,  the  two  liquids  become  perfectly 

.rorporalcd,    A  drop  of  alcohol  or  of  oil  of  vitriol  may  be  perfectly 

.:\pd  with  a  quart  or  any  other  quantity  of  water ;  or  a  drop  of 

I  iicr  with  a  quart  of  alcohol  or  of  oil  of  vitriol.     There  are  in- 

inocn,   however,   in   which   this  perfect    solution  does   not   take 

'I'c  cohesion  of  the  particles  of  the  two  liquids  may,  at  a 

>at,  balance  their  adhesion  for  each  other,  and  they  will 

iLjIuoIly  saturated.     For  this  reason  when  ether  is  mixed 

r  by  agitation,  the  greater  part  will  separate  on  allowing 

re  to  repose :  the  ether  will  have  dissolved  ^  or  -^i,  of  its 

-  i:er,  and  the  water  will  have  taken  up  about  an  equal 

,,,.  ,..-u  of  ether.    In  a  similar  way  the  essential  oils  are  soluble 

ly  to  a  vcrj-  small  extent  in  water;  oil  of  peppermint,  for  in- 

-uKT,  if  agitated  with  water,  and  then  left  to  rest,  wUl,  for  Hie 

ij*t  part,  fepjrste,  aJtbougb  a  sufficient  quantity  wiU  U&veXjeeTi. 

■MtJtvd  toconnnaaicate  the  tlhvoat  and  odour  of  the  esseuce  \o   I 


Tio.  a6. 


DIFFUSION    O?   Ltqun 

'the  water.  In  other  inBtauces,  the  separation  of  tlic  tvo  IfqiSO^ 
as  when  oil  and  water  are  mingled,  appears  to  be  complete- 
When  chloroform  is  dropped  into  distilled  water  it  gradually 
sinks,  and  the  drops  preserve  their  rounded  outline  :  but  if  a  drop 
or  two  of  an  alkaline  solution  be  added,  the  eurfacc  of  the  chloro- 
form becomes  flattened  ;  and  it  resumes  its  rounded  character  oa 
again  adding  a  few  drops  of  au  aciil.  This  experiment  sbowi 
what  slight  circumstances  may  modify  the  cohesive  powers  of  I 
liquid,  and  its  degree  of  adhesion  to  others ;  the  adhesion  of  water 
to  chloroform  being  increased  by  the  addition  of  an  alkali,  i 
being  again  diminished  by  neutralizing  the  alkali. 

(56)  Diffusion  ofLiqunla. — If  two  liquids  a 
ceptiljle  of  permanent  admixture  with  each  othcTj 
bill  of  different  densities,  be  placed  in  the  sao 
vessel,  they  will  gradually  become  intermixed:' 
thus,  if  a  tall  jar  be  filled  for  about  two-tliirda  0 
its  capacity,  with  the  blue  infusion  of  litmus,  anc 
by  means  of  a  long  funnel,  as  shown  in  fig.  36,  j 
quantity  of  oil  of  vitriol  be  cautiously  poured  illj 
so  as  to  occupy  the  lower  portion  of  the  jar,  1 
will  be  found,  after  the  lapse  of  two  or  three  daj% 
that  the  acid   lias  become   diffused  through  tlw 
liquid,  which  will  consequently  have  assumed  are4' 
^  colour  throughout.     If  watched  at  intervals,  tba 
progress  of  the  nii.\tiire  may  be  traced  by    the 
gradual  change  of  colour  from  below  upwards. 
Orahnm  in  his  researches  upon  this  subject  employed  a  »«it 
simple  apparatus  (fig.   27),  for  measuring 
Flo.  17.  rate  at  which  this  diffusion  takea  place.      Hi 

experiments  were  performed   principally  ap 
solutions  of  saline  bodies,  which  were  allowi 
to  difTuse  into  water.     A  number  of  small  jai 
of  equal  capacity  (about  4  oz.  each),  were  p 
pared,  with   the  necks  ground  to  an  unifOE 
aperture  of  124  inches  in  diameter;  into  t 
jars  the  trial  solutions  were  poured,  to  vitt 
half  an  inch  of  the  top ;  the  jars  were  i 
filled  up  with  pure  water.     Thus  dialled,  C 
jar   was  closed  by   a  glass  pintc,  and    pla 
in  a  cylindrical  vessel  containing  about  20  fl 
of  distilled  water,  the  month  of  the   solution  jar  being  at  lev 
nch  below  the  surface  of  the  water  m   tlie  exterior  VMH 
trag  then  cantiously  TemQ'vc&.    "^yaft  n^nnntaniii 
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Wlcnrarda  iet  aside  in  an  undisturbed  place,  and  maintained  at  a 
(Uady  temperature  for  sereral  days.  After  a  sufficient  lapse  of 
lime,  the  moutli  of  the  solution  jar  was  again  closed  with  a  plate 
<f  ^Ut»,  and  the  vessel  withdrawn  from  the  large  jar.  The  water 
in  the  outer  jar  was  CTaporated,  and  the  salt  that  had  passed  into 
it  WW  OMij  determined  by  weight.     [Phil.  Tram.,  1850.) 

(57)  From   these  experimeata   several   important  conclusions 
-^te  been  deduced  : — 

1.  It  is  fouod  that  by  employing  solutions  of  the  ^ame  sub- 
-Umcc,  but  of  differeut  degrees  of  strength,  the  quantities  of  the 

.  •stance  diffused  in  equal  times  are,  Cceteris  paribus,  proportioned 

■ .  tlie  quantity  in  the  solution.     For  example,  four  different  soln- 

111  of  common  salt,  in  water,  were  prepared,  containing  reapec- 

■  ii-ly  1,  2,  3,  and  4  parts  of  salt  to  100  parts  of  water.     In  eight 

•■it'  time   the  quantities   diflfused   were,   in    the  first   solution, 

"S  gntina ;  in  the  second,  _5*54  grains,  or  just  double  the  amount ; 

;  il»e  third,  8*37  grains,  or  three  times  the  quantity;  and  in  the 

irth,  in  I  grains,  or  almost  exactly  four  times  the  amount  dif- 

--«1  from  the  first  solution. 

2.  No  direct  relation  is  observable  between  the  specific  gravity 
'    i   •riliition  and  its  diffusibility,  but  the  quantities  of  the  snli- 

.1     i-ifused  from  solutions  contaiuing  equal  weights  of  different 

.:iiy   with  the  nature  of  the  snbstauce,  as  will  lie  seen  by 

'  roiicc.  to  the  following  table.     The  solutions  in  each  case  con- 

[ipj  20  parts  of  the  solid,  dissolved  in  :oo  jiarts  of  water,  and 

'  re  eipoflcd  for  eight  days  at  a  temperature  of  fio^^. 

Diffusibilily  of  Solids  in  Solulion, 


,.c.u^^. 

8p.gr.  of  loIuUoii 

"""i^i^iLr" 

Chloride  of  Sodium  .     , 

11165 

Sulphate  of  MsgueeiA   . 

1-185 

a7'4i 

rio8 

Suur  Candy    .... 

Slup:::; 

Treacle  (of  Caoe  Sugar) 

vllt 

x6-ii 

1061 

lofig 

3»35 

Gam  Arabic    .... 

IOS3 

3o3 

f  ^W  extreme  slowoess  with  which  albumen  becomes  diff'used  is 
,  and  is  no  doubt  connected  with  its  fuuctions  In  the 
1  ^alem,  where  it  is  present  so  abundantly  in  the  setum  ol 
i  ia  other  important  /iquids. 

J  together  the  times  ia  which  different  si\i5.ta.i\cca 
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'.  difTiised  la  ciiual  quautities,  some  remarkable  nTuiienCi 
tiona  were  observed,  and  a  close  parallelism  was  observed  to  hold 
between  the  pheuomeua  of  liquid  diffusion  and  those  vhich  acoomk 
pacy  tbe  diffusion  of  gases  {64). 

It  has  been  fouud  ibat  saline  substances  may  be  aiTanged  ii 
groups,  the  members  of  each  group  being  equi-diffu^ive,  sad  tbi 
rates  of  diffusion  in  each  group  being  conneeted  with  tbe  rate  ol 
diffusion  of  the  other  groups  by  a  simple  numerical  relation.  Iso* 
morphous  salts,  that  is,  salts  which  crystallize  in  tlie  same  forcL 
and  which  have  an  analogous  chemical  composition,  have  gcDerall; 
equal  rates  of  diffusion.  The  relations  of  the  most  important  a 
these  equi-diffusive  groups  may  be  pointed  out,  as  follows : — 

The  first  group  contaius  hydrochloric,  hydriodic,  aud  hydro* 
bromic  acids  j  perhaps  also  nitric  acid.  These  acids  are  the  most 
diffusible  substances  known.  The  second  group  contains  liydrata 
of  potash,  and  probably  ammonia.  The  third  group,  uilrate 
potash,  nitrate  of  ammonia,  chloride,  bromide  and  iodide  of  pot 
sium,  muriate  of  ammonia,  and  chlorate  of  potash.  The  fourth^ 
nitrate  of  soda,  and  chloride,  bromide  and  iodide  of  sodium.  The 
fifth,  sulphate  of  potash,  carbonate  of  pota&li,  sulphate  of  ammonia, 
and  ferrocyanidc  of  [Mtai'sium ;  probably  also  chromate  and  bichro- 
mate, bicarbonate  and  acetate  of  potash,  aud  ferridcyanide  of  pota^ 
sium.  The  sixth  group  contains  sulphate,  and  carbonate  of  soda; 
and  the  seventh,  sulphate  of  magnesia,  and  sulphate  of  zinc. 

On  comparing  together  the  squares  of  Ihe  timeg  in  which  equal 
quantities  of  these  different  salts  are  diffused,  these  numbers  exhibit 
a  very  interesting  proportion  to  each  other,  which  is  illustrated  by 
the  following  table.  In  the  first  column  of  figures  the  relal 
diffusibility  of  the  different  groups  is  given  as  compared  with 
hydi-ochloric  acid  group;  tbe  second  shows  the  times  required 
the  diffusion  of  equal  weights  of  the  individuals  composing 
group ;  and  in  the  third  is  shown  the  ratio  of  the  squares  of  till 
times  of  equal  diffusion  : — 

Hatio  ^f  Liquid  Diffusion. 


Gr^p.. 

Rilaof 

Timn  of        '  a—S^^^M 

,  1.  Hjdrophlorio  Acid    .    .    . 
1  I.  nyrtmte  of  Potash     .     .     . 
1  X.  Nitrate  of  Potnsh  .... 
1  4-  NitmloorSuda     .... 
5.  Sulphate  of  Potuh    .    .    . 
/(*  SolpbBte  of  Sf>d»  .... 
7-Sarplu,t^ofM»gncm    .    . 

o'Soo 

046* 
0-400 

0-3J'; 

0)00 

1    ^B 

s   m 
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been  oTiserved,  also,  that  in  the  case  of  gases  (54},  the 
of  tlie  times  required  for  the  diffusion  of  equal  volumes 
OQC  another  in  the  inverse  ratio  of  their  densities.  And 
it  has  been  inferred  by  analogy  that  the  molecules  of  these 
ain,  u  thetf  cj-isf  in  solution,  possess  densities  which  are  to  each 
otiirr  aa  the  squares  of  their  times  of  equal  diffusion  :  for  example, 
the  nlutioH  denHties  of  hydrochloric  acid,  hvdrate  of  potash,  and 
iiitrUe  of  potash,  are  as  2:3:6. 

All  exiieriinents  on  the  diffusion  of  liquids  proceed  with  greater 
regularity  in  dilute  solutions:  as  the  liquid  approaches  the  point  I 

of  saturation  the  uniformity  of  action   is  iutei-fered  with,  hy  the 
tnuicacy  to  cohesion  of  the  particles  of  the  solid. 

3.  The  quautity  of  auy  substance  dlB^used  from  a  solution  of 
sai&irm  strength  increases  as  the  temperature  rises;  but  the  ratio 
of  (Uffoaton  between  different  bodies,  if  compared  at  the  same  tem- 
pEntorc,  remains  constant,  whatever  the  temperature  at  wliich  the  I 
ognpori^on  is  made.  I 

4.  It  ta  found  that  if  two  substances  which  do  not  combine 
'ii-miMlly,  Slid  which  possess  different  degrees  of  diflusiveness,  be 
-lied  in  solution,  and  he  placed  in  a  diffusion  cell,  they  may  be 

rtially  separated  by  the  process  of  diffusion,  the  more  diffusible 
L<-  pausing  out  the  more  rapidly;  the  salt  which  is  least  soluble 
juog,  boHcver,  ita  diffusiveness  somewhat  reduced  in  proportion 
the  other.  Upon  this  fact  Graham  observes,  '  the  mode  in 
-'...A  the  soil  of  the  earth  is  moistened  by  rain  is  peculiarly 
.'.  uonible  to  separations  by  diffusion.  The  soluble  salts  of  the 
il  may  be  supposed  to  be  carried  down  together,  to  a  certain 
-plh,  by  the  first  portion  of  rain  which  falls,  while  they  after- 
;ird«  find  an  atmosphere  of  nearly  pure  water  in  the  moisture 
ijEth  falls  last,  and  occupies  the  surface  stratum  of  the  soil;  dif- 
-  urn  of  tlie  salts  upwards,  with  its  separations  and  decompositions, 
■lit  necessarily  ensue.      Tlie  salts  of  potash  and  ammonia  which 

required  for  vegetation,  possess  the  highest  diffusibility,  J 

The  prc-emioent  diffusibility  of  the  alkaline         I 

ite*  nay  also  he  called  into  action  in  the  soil  by  hydrate  of         I 

pnrtieularly  as  quicklime  is  applied  as  a  top-dressing  to  grass         I 

•ome  cases  even  chemical  decomposition  may  be  effected  by 

of  liquid  diffusion.     Thus,  if  n  solution  of  ordinary 

is  a  compound  of  sulphate  of  potash  aud  sulphate  of 

in  6icd  proportions)  be  jilaccd  so  as  to  become  dift'aaed 

,  the  »u}pbate  of  potasli  will  pass  out  more  Ta^\A\v  *\\\ 

to  t/ie  gimotitv  preseut  than  the  sulphate  oi  alumuxa. 
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5.  Provided  tbat  tlie  liquids  be  dilute,  it  appears  that  one  BoV 
stance  will  become  diffused  into  water  already  containing  another 
body  in  solution,  just  as  into  pure  water. 

In  comparing  nith  tbese  tlie  pheiiDmena  of  gaseous  diffiirioQ 
(64),  it  will  be  seen  how  closely  all  these  points  coindde  in  t 
two  cases. 

(58}  Osmose. — Intimately  connected  with  the  process  of  liquid 
diSTusion  are  the  changes  which  occur  when  the  two  liquids  1 
separated  by  the  intervention  of  a  porous  diaphragm.  Tlie  phenO' 
meua  here  are,  however,  more  complicated,  from  the  part  which  t 
adhesion  of  the  two  liquids  to  the  material  of  the  diaphragm  e 
upon  the  result.     The  process  of  mixture  will  go  on  in   this  c 

notwithstanding  the  direct  opposition  of  gravitation 

Fio.  38.        The    following   experiment    exhibits    this    fact    in  1 

striking   manner :— Pronde  a  funnel,  or  a  small  jai 

(fig.  28),  open  at  top  and  bottom,  and  furniahetl  will 

a  long,  narrow  stem ;  over  the  open   mouth  of  t 

jar  tie  R  piece  of  moistened  bladder ;  fill  the  jar  am 

a  portion  of  the  stem  with  spirit  of  wine  (or  with  : 

solution  of  sugar  in  water),  then  place  the  jar,  will 

its   broad   end   downwards,  in  a  shallow  vessel  coa 

I      ft    I  taiuing  water,  noting  the  height  at  which  the  spiri 

\  AKsB^        or  the  solution  stands  in  the  stem.     lo  the  conn 

J^H^^H        of  a  few  hours  the  column  of  liquid  will  be  foon 

I^^^^^M   to  have  increased  in  height,  and  if  sufficient  time  b 

^^^^^^^    allowed,  it  will  have  risen  to  the  top  of  the   tatx 

I  and  will  at  length  overflow.     This  phenomenoD  hi 

been  explained  in  the  following  manner; — 
Owing  to  its  greater  adhesion  to  water  than  to  spirit,  ti 
bladder  is  easily  moistened  by  the  water  in  contact  with  its  low* 
surface,  whilst  the  spirit  above  wets  the  bladder  with  difficult; 
the  water  rises  into  the  bladder  by  capillary  attraction,  and  f 
its  pores ;  it  thus  reaches  the  upper  surface  where  it  comes  inl 
contact  with  the  spiiit ;  a  true  liquid  difTuBion  of  the  water  thro(i| 
the  spirit  then  eommences  (owing  to  the  adhesion  between  tl 
two  liquids);  a  fresh  portion  of  water  rises  from  lielow  into  II 
pores  of  the  bladder  to  supply  the  place  of  that  which  baa  be 
removed,  and  thus  the  liquid  within  the  funnel  is  constuil 
increasing  in  bulk,  until  at  length,  even  in  opposition  to  gravil 
the  liquid  overflows ;  this  fiowhig  in  of  the  liquid  waa  tcmcd  1 
Dutrochet,  who  first  particularly  observed  it,  etuloxmona  (fr 
/fSaf  inwHrda,  said  loa^vQ  impulse).  M  thu  same  time  t 
setioa  proceeds  from  without  mwavis,  a  >*i'r3  6ia»S\.  ( 
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"ptanng  out  hj  a  elmilar  process  into  the  trater  below,  and 
Uu»  flawing  oitt  of  tlie  vessel  is  desi^Datetl  txusmosis.  Upon  this 
fitw  the  essential  conditions  to  the  phenoraenoa  are  the  morecom- 
[irte  wl)i«sion  of  the  bladder  to  one  liquid  than  to  the  other,  and 
tbe  esittence  of  a  certain  degree  of  adhesion  Iretween  the  two 
liquids.  'Whenever  these  conditions  are  realized,  no  matter  what 
lite  liquids  may  be,  the  liquid  which  most  freely  wets  the 
Bcmhruic  pKsses  out  more  rapidly  than  the  other  passes  in.  If 
B  film  of  collodion,  which  is  more  easily  wetted  by  alcohol  than 
by  water,  be  substituted  for  the  bladder  in  the  foregoing  expeiimeot, 
tbc  dirrrtion  of  the  osmose  will  be  reversed,  and  the  alcohol  will 
psa  iuto  the  water  more  rapidly  than  the  water  into  tlie  alcohol. 
The  foregoing  explanation,  although  it  is  probably  true  for  the 
puticolar  experiment  with  alcohol  and  water,  is  however  inade- 
quate to  explain  the  phenomenon  generally,  which  is  one  of  con- 
dzmsl  occurrence,  and  is  of  importance,  especially  when  considered 
in  it*  physioli^cal  bearings :  the  investigations  of  Graham  [Phil.  < 
Traiw.,  1854)  have  also  proved  it  to  possess  considerable  interest 
B  a  purely  chemical  sense. 

(59)  The  oamometer  used  in  these  experiments         ^'c-  ^p. 

'•  represented  iu  fig,  ag.     It  consists  of  a   bcU- 

r,  4,  of  a  capacity  of  5   or  6  ounces,  over  the 

,  ':q  inoutb  of  which  n  plate  of  perforated  zinc  is 

j'.-cd,  and  over  tliis   is  securely  tied  a  piece  of 

-h  ox'bladder  with  the  muscular  coat  removed, 

-  dsc    an  arliticial  membrane  formed  by  calico 

..Led   ill  white  of  egg    and  dipped  into  boilin 

■::cr  to  congulnte  it ;  to  the  upper  aperture  of  the 

li-jar,  a  tube,  T^r  of  the   diameter  of  the  lowci 

.rnjng  of  thc  jar,  is   fitted.      This  tube  is  open 

:  lioth  ends,  ajid  is  graduated  into  millimetres, 

■    that  each  degree   is   equal    to  about  -^\  of  an  inch. 

.  ■  oT  I'uiuid  in    the    narrow    tube   amounting  to    loo  1 

r^rtfore  represents  the  entrance  or  removal  of  a  stratum 

I  millimetre  in  thickness  over  the  whole  surface  of  the  mem- 

!ii  using  the  instrument,  the  membrane  is  well  macerated 

:Lrr,  and   the  saline  solution  introduced  iuto  the  jar  A 

lids  at  a  fixed  mark   in   the   narrow  Inbe.     The  appa- 

,   [1  placed  on  a  tripod  stand  in  a  tall  cylindrical  jar  b, 

id  water  poured  in  until  it  stands  exactly  at  the  level 

nl  in  the  tube.     During  the  iiliole  experiment  this  IctcI 

ataititaiued,  bjr  the  udditiun  or  removal  o{  VialcT  \n  '^ft 

^a  drcumsUuicea  requite. 


iiillimctTcs 
1  of  liquid 


Graham's  eifekiments  on  osmosS. 

The  priDcipal  points  which  were  ascertaiued  bj" 
conducted  ill  this  way  were  the  following ; — 

I.  Neutral  organic  substances,  such  as  urea,  gum  i 
of  milk,  gelatin,  aud  salicin,  exercise  little  or  no  osmotic  scl 

3.  Strictly  neutral  salts,  such  aa  sulphate  of  magnesia, 
of  sodium,  and   chloride  of  barium,  exercise  no  peculiar 
power,  but  appear   to  follow  nearly  the  same  rate  of  diffusioa 
that  which  is  obscned  when  no  porous  partition  is  used. 

3.  Alkaline  solutions,  and  especially  the  solutions  of  thecarl 
,  nates  of  potash  and  soda,  on  the  contrary,  produce  endoamosis  tot 

most  remarkable  extent.  This  effect  is  observed  even  in  solutioH 
whieli  contain  not  more  than  i  part  of  the  salt  to  1000  of  watnv 
Indeed,  it  was  found  generally  that  these  osmotic  phenomena  w« 
most  strongly  developed  in  dilute  solutions,  such,  for  instancy 
did  not  contain  more  than  2  per  cent,  of  the  salt.  In  these 
rimcnta  a  large  bulk  of  water  entered  the  osmometer,  whilst  onlj 
.a  very  small  portion  of  the  alkaline  salt  escaped  into  tli 
of  the  outer  jar.  For  example,  in  5  hours,  when  a  solution 
carbonate  of  potash  containing  i  part  of  the  salt  in  icx)0  of 
was  placed  in  the  osmometer,  the  liquid  in  the  stem  of  the  instni 
ment  ro?e  through  193  divisions;  and  for  each  grain  of  carbonatt 
of  potash  that  became  diffused  into  the  outer  cylinder,  upwards  0 
jjo  grains  of  water  entered  the  osmometer;  but  when  a  soIntioD 
which  contained  1  per  cent,  of  carbonate  of  potash  was  used,  Dot 
much  more  than  63  grains  of  water  entered  the  instrument  lor 
each  grain  of  carbonate  that  became  diffused  into  the  outer  cylindee. 
When  the  liquid  rises  in  the  osmometer,  Graham  distiuguisfaet 
it  ss  positive  osmose. 

4.  On  the  other  hand,  dilute  acids,  and  solutions  of  acid  salte' 
generally,  produce  a  current  in  the  opposite  direction ;  conscqaeodjT 
the  column  falls  in  the  stem  of  the  osmometer.  This  effect  is  difr 
tinguished  as  negative  osmose. 

Salts  which  admit  of  division  into  a  basic  salt  and  free  aciit 
exhibit  osmotic  properties  in  a  high  degree.  This  is  well  seen  itt 
the  case  of  acetate  of  alumina,  nitrate  of  lead,  chloride  of  zinc,  anct 
the  salts  of  the  sesquioxides  of  chromium  and  iron.  The  m4! 
travels  outwards  by  diffusion,  and  the  inner  surface  of  the  vua^ 
hrane  is  left  in  a  basic  condition,  whilst  the  outer  surface  is  acid,, 
— conditions  highly  favourable  to  rapid  positive  osmose. 

5.  Tn  every  instance  in  which  osmotic  action  is  observed  {ci» 
cept  in  the  cases  of  alcohol  and  cane  sugar),  a  chemical  action  Oft 
the  material  of  the  septum,  whether  it  consists  of  bladder  or  cf 

earthenware,    iavariab}}-  occurs;     aud  U  '»  icmaiVtifeV,  ftis."!.  'i 


^^Bm  tnaterutts,  not  susceptible  of  decomposition  by  tlic  liquids, 

^^Mnadc  use  of  as  a  {lartition,  the  osmotic  phenomena  become  in- 

^^K£cant: — thus  a  plug  of  gypsum,  of  waslicd  unbaked  claj,  of 

^^Pted  leather,  or  of  compressed  charcoal,  although  sufBciently 

^^HU,  gives  rise  to  little  or  do  osmotic  nction.     To  induce  osmose 

^^■bt  the  most  favourable  circumetaiiceK,  the  chemical  action  on  the 

^^■■m  must  be  dilTcrent  on  the  two  sides,  not  only  in  degree,  but 

^^B  ID  kind  ;   such  as   is   produced  by  the  presence  of  acid  upon 

^HecurlAoe,  and  of  alkali  on  the  other.     These  circumstances  are 

^Redally  iotcrcstiug  from  their  chemical  bearings,  as  is  also  the 

^■Rct  point,  which  is  probably  connected  with  them :  viz. — 

P*    6.  Two  salts,  when  mixed,  often  have  an  osmotic  action  very 

r  iiflcrriit  from  that  which  they  enercise  separately.     For  example, 

I    pirfeetly  nt^utral  sulphate  of  potash  has  a  feeble  positive  osmose, 

'    oprcseutctl  by  a  rise  of  20  millimetres  iu  5  hours.     TJie  addition 

of  I  part  of  carbonate  of  pota^ih  to  10,000  of  the  solution  raised  it 

ki  nearly  ioo""'''in  5  hours,  whilst  an  equally  minute  trace  of  hydro- 

diloric  acid  stopped  the  osmose  almost  eatirety.     Similar  results 

•tnr  ohcaiued  with  sulphate  of  soda.      Chloride  of  sodium,  on  the 

utiuT  baud,  exhibits  a  remarkable  power  of  reducing  osmotic  action 

T  other  salts.     The  osmose  of  a  solution  of  carbouate  of  soda, 

'"'^'•'•'•'g   ttW  of  tlic  carbonate,   was  reduced  from  179™°'  to 

,^^",  by  the  addition  of  1  per  cent,  of  chloride  of  sodium.     From 

Lcr  experiments,  it  appears  further,  that  two  different  saline  solu- 

ns,  one  placed  in  the  osmometer,  the  other  in  the  outer  jar,  each 

Imioa  holding  equal  weights  of  the  different  salts  dissolved  in 

■  some  bulk  of  water,  may  also  give  rise  to  osmotic  action,  when 

:<ant(-d  by  a  suitable  porous  partition. 

Licbig  bBS  shown  that   the  mechanical  force  of  the  osmotic 

—  ■  n:,iy  be  measured  by  the  following  simple  means : — Let  the 

■  .iiity  of  the  shorter  limb  of  a  glasstube  bent  into  the  form 

.1  be  closed  by  a  piece  of  bladder,  pour  a  little  mercury 

lid  of  the  tube,  and  fill  the  shorter  limb  with  the  saline 

i-r  experiment;  immerse  the  beud  of  the  tube  aud  the 

IU  water,  leaving  tlie  extremity  of  the  longer  limb  open ; 

r  i-nters  the  tube,  the  mercury  will  be  raised  in  the  longer 

1  lien  the  column  reaches  a  certain  height,  the  two  liquids 

■'■\  without  change  of  volume.     The  length  of  the  cohii 

-   been  raised  above  the  level  of  the  surface  c 

I-  shorter  limb  must  be  measured,  and  when  c 

iigtb  of  the  column  obtained  with  otiief  1 

mrvumstances,  it  affords    a.    comparative  meafluxt  i 

J  tone  for  each.    Osmotic  action  thus  offers   an  'uitetcsVm?, 
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case  of  the  direct  conversion  of  chemical  affinity  (on  the  scffi 
into  motive  power,  the  extent  of  which  admits  of  ready  n 
expression. 

Osmotic  phenomena  are  coustatitly  going  on  both  in  plant 
and  in  animals ;  for  in  their  tissues,  liquids  of  very  different  nature 
sometimes  acid,  still  more  often  alkaline,  are  circulating  throng 
vessels  necessarily^  constructed  of  flexible  and  porous  niatcrial 
and  in  the  economy  both  of  the  vegetable  and  of  tlie  animal  en 
tiou  such  actions  are  of  the  highest  importance  to  the  due  perfor 
ance  of  the  vital  functions.  In  fact,  we  as  yet  know  not  liow  inl 
matcly  the  entire  processes  of  absorption,  nutrition,  and  secretio 
are  counectcd  with  the  operations  of  liquid  diffusion  and  of  endo 
mosis. 

(60)  FlotD  of  Liquids  thrmii/h  Capillary  Tubes. — .\.n  iutereBtii 
and  close  connexion  exists  between  the  subjects  which  have  jo 
been  considered  and  the  flow  of  liquids  through  capillary  tube 
The  most  extensive  and  complete  set  of  experiments  hitherto  mat 
upon  this  branch  of  research,  is  due  to  Poiscuille.  {Ann.  de  Cbimi 
III.  xsi.  76.) 

Pig.  30  will  explain  the  method  of  o 
ductiog  these  experiments; 
conical  metidlic  vessel,  which  can  be  att 
by  a  screw  joint  to  a  capacious  receiveV, 
condensed  air,  the  exact  jircssure  of  v 
can  be  regulated  by  means  of  a  gaogfl  ■ 
tached  to  it,  b  is  a  glass  globe,  of  ahoatbi 
a  cubic  inch  in  capacity,  which  contuasti 
liquid  under  experiment;  it  is  coatii 
^  with  the  metallic  vessel  a  by  a  gist 
I  of  nan-ow  bore.  A  similar  tube  procea 
from  the  lower  part  of  the  globe,  and 
this  is  attached  the  capillary  tube  c,  the  iK 
meter  and  length  of  which  are  carcfttUy  i 
tcrmiued.  The  object  of  the  little  bo] 
d,  is  merely  to  enable  the  obBerver  bob 
rately  to  define  the  termination  of  the  capillary  tube,  o  U 
vessel  which  is  filled  with  water,  provided  with  an 
thermometer,  for  regulating  and  observing  the  tempermtDI 
"When  an  e^cperimciit  is  to  be  made,  the  end  of  the  eajulJii 
c,  ia  introduced  into  the  liquid,  and  the  globe,  n,  is  filled  bj  RtttM 
ing  it  to  an  exhausting  syringe.  When  the  liquid  has  rison  a  li| 
«Ai?fe  the  line  e,  the  syringe  is  flclaclved,  and  th«  a^i^nratim  Cn 
rilh    the  vessel  of  eoadea»cd  a«.     t\ie  ^tiisaatft  taS  > 


Fig.  30. 
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3  atr  couttnues  without  appreciable  cliange  during  the  espe- 

Bv  opening  a  stop-cock,  the  condensed  air  exerts  its  force 

a  the  liqnid,  which  ia  expelled  throngh  the  capillary  tube  c,  and 

"fte  column  dcsi^eads  iu  the  tube  e  f.     By  means  of  a  stop-watch, 

tl»  time  at  which  it  reaches  the  line  e  is  exactly  noted,  and  the 

tiac  b  ogaia  observed  when  the  globe  has  become  emptied,  and 

i'-^  tiqnid  has  reached  the  lower  line/.     The  object  of  the  conical 

■--uUic  TeJ>»eI,  a,  is  to  act  as  a  trap  or  lodging  place  for  any  par- 

tir]«of  duat  ihat  might  he  suspended  in  the  compressed  air,  and 

F  vkich,  bj*  obstructing  the  capillary  tube,  would  mar  the  result. 

'  From  the  inquiries  of  Poiseuille,  it  appears  that  when  a  tube 

aceeds  a  certain   length   {which  ia  greater   as  the  diameter  in- 

■-^■ates),   the  following    laws   regulate  the   rate  of  efflux   of  the 

;iiid; — I.   That  the  flow  increases  directly  as  the  pressure;    so 

itiit,  nith  a  double  pressure,  double  the  amount  of  liquid  is  dia- 

cbai^  in  equal  times,     2,  That  with  tubes  of  oinal  diameter, 

llie  quantities  dischargeil  in  equal  times  are  inversely  as  the  length 

rf  the  tube:  .if  from   a   tube    2    inches  in   length,    loo  grains 

'  'rape  in  five  minutes,  from  a  similar  tube,  4  inches  long,  only  ^a 

-"iin*  would  flow  out  in  the  same  time.     3.  That   in  tubes  of 

.rial  lengths,  but  of  diflerent  diameters,  the  flow  is  as  the  fourth 

.   ''ors  of  the   diameters;  for   example,   if  two  tubes,  ouc  of  s'-m 

;  xlier  of  -pi-^,  of  an  inch  in  diameter,  be  compared  together,  the 

HuK  from  the  larger  tube  would  be  16  times  as  great  as  from  the 

i^oflcr,  being  in  the  pro|)ortion  of  i'  :  a',  or  as  i  :  16,  although 

'^1?  diameter  of  the  tulie  is  only  tviee  as  great. 

To  the  chemist,  however,  the  most  interesting  part   of  these 
I  jeniutint*  is  that  which  displays  the  efleet  produced  by  varying 
■  Wind  of  body  which  is  allowed  to  flow  through  the  capillary 
U-.     The  material  of  which  the   tube  ilaelf  is  made  does  not 
pear  to  influence  tlie   result ;  but   the    nature    of  the    solution 
iploy<-d   exercises    the  most  marked  effect.      The  liquids  used 
re,  in   most  cases,  solutions  in  water  of  various   bodies,  espe- 
.■i.ny  of  salts.     In  the  majority  of  instances  the   flow  of  tlie  so- 
I  j:ioii  was  slower  than  that  of  distilled  water.     All  the  alkalies 
■  '.-aaioncd  this  retanlation.     In  a  few  cases,  110  sensible  effect  was 
,  -liBced.     Tliua,  neither  intrate  of  silver,   corrosive  sublimate, 
■tide   of  sodium,  iodide  of  iron,  nitric,  hydriodic,  bromic,   uor 
i-..i.T-,.riijc  acid,  seemed  to  have  any  influence;  whilst  the  hy- 
lic and  hydrocyanic  acids,   and   a  few  of  the   salts  of 
1  .immonia— viz.,  the  nitrates  of  potash  and  ammonia, 
.„^^   of  potixsitim  anrf  ammonium,  the  iodide,  \itOTf\\ie,Mi\ 
IT  of  potateium  ina  cased  the  rapidity  of  the  ftoit  ■.  WX  \\,  va 
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"  remarkable,  tliat   concentrated   solutions   of  iodide  of 
above  a  temperature  of  140°  F.,  and  of  nitrate  of 
104°,  actually  flow  more  slowly  than  distilled  water 
attention  to  the  temperature  at  wliicli  these  comparisona  are ' 
is  absolutely  necessary,  for  both  with  water  and  with  dUute 
tions  geoei-ally,  a  alight  elevation  of  temperature  produces  a 
increase  in  the  rapidity  of  efflux.     Water,  for   instance,  at 
escaped  through  the  same  tube  with  a  rapidity  li  times  as 
as  it  did  at  41°. 

Hitherto  no  connexion  has  been  traced  between  the  rata 
efflux  of  the  liquid  and  its  density,  capillarity,  or  fluidity, 
capillarity  of  alcohol,  as  well  as  its  density,  increases  in  proportif 
as  it  is  diluted  with  water,  while  its  fluidity  diminishes  ;  but  «« 
periment  has  proved  that  a  mixture  of  equal  parts  of  spirit  of 
wine  and  water  flows  out  with  considerably  less  than  half  tbe 
rapidity  of  pure  alcohol,  and  with  less  than  one-third  of  that  of 
distilled  water.  The  dilution  of  alcohol,  therefore,  to  a  certain 
point,  retards  its  efHux,  and  beyond  that  point  increases  it :  Uw 
minimum  rate  of  efflux  corresponds  with  that  particular  mixtuM 
of  alcohol  and  water,  which  is  attended  with  the  maximum  of 
contraction  after  admixture  of  the  two  liquids.  The  degree  of  sola- 
bility  of  the  body  in  water  appears  to  exercise  but  a  secondary  influ. 
enee  on  the  phenomenon.  Poiseuille  shows  it  to  be  highly  pro* 
bable  that  the  various  solutions,  when  introduced  into  tbe  lilood 
of  a  living  animal,  provided  that  they  do  not  cause  the  serum  to, 
coagulate,  produce  cflccts  of  acceleration  or  retardation  on  tint 
capillary  circulation,  corresponding  with  those  which  are  obHcrred 
with  the  same  liquids  in  capillary  tubes  of  glass.  He  has  prored 
this  to  be  the  case  by  direct  experiment,  with  the  iodide  of  patu^ 

I     slum  when  injected  into  the  veins  of  the  horse ;  and  has   ahown. 
that  when  various  salts  arc  mingled  with  scrum,  and  the  liqiltdt! 
are  allowed  to   flow  out  through  small  tubes,  retardation 
leratioa  occurs,  as  in  the  corresponding  cases  with  their  aqtieon^ 
solutions. 
The   following  table  contains   several  of  Poiseuille's  reel 
numerically  expressed.     The  solutions  employed  contained  1 
cent,   of  the  various  substances  mentioned,  except  in  the  caac  off! 
the  last  four  liquids.     They  were  exposed  to  a  pressure  equal  to 
^_      that  of  a  column  of  water  1    metre  (j!937  inches)  in  height, 
^K     the  temperature  of  js'ifi,  unless   otherwise   noted;  and  escapet 
^H     through   a    tube   64   millimetres   (2*519   inches)   in   length, 
^B     0-34^6"'™,  fo'oloS  inch)  in  diameter.     The  numbers  in  the  tabll 
indicate  the  time  occupied  in  seconds,  for  l\\c  cffivi^  o^  wvwA^ita 
ofl/w  hgaids  used— viz^  &6  cu\)ic  5eQ'.»P»ctrea  i^-\  wV^cXwJti^ 


Efflux  of  Liguids  through  Fine  Tubes. 


[ 

Terapernlnrs  S'"'*  ?■ 

»N. 

£J°.< 

LnadWinr 

575"« 

5fi5"'o 

566"-a 

1 

Simu. 

Sulph.U. 

Phw- 
ph.ta. 

AnuiiiK. 

.„%. 

Chlo... 

0^... 

P 

5*94 
575-9 

il 

5S3-4 

583"-3 
588-0 

588"-3 
59^"5 

5608 
560-5 

5<'94 

570 

571-I 
S74-* 
57f>-4 

m  .  . 

59a-4  1    TarUr  Emetic,  58ra 

Ancniotia  Acid . 
nmaphoric  Acid 
I  Onlu>  Arid  .  . 
Arr<i(-  Add  .  . 
fin- Acid  .  . 
irm^iu^  And      . 


Pure  Semm,  Ox  . 
Madeira  .... 

Sparklitie  Sillery . 
JamiLica  Kum  -    . 


(61)  Adhesion  of  Gaxes  to  Liquids. — The  adhesion  of  gases  to 
liquid*,  althougii  iiol  quite  so  evident  as  that  of  solids  to  liquids, 
iMjtt  Altcndeil  with  results  almost  equally  important.  It  is  es- 
nnptiiibd  iu  the  pouring  of  liquids  from  one  vessel  to  another,  by 
tie  bubbles  which  are  carried  down  with  the  descending  stream, 
sod  *hii:h  rise  and  break  upon  the  surface  of  the  liquid. 

Adhoion,  however,  produces  iu  the  effects   of  solution  which 

turad  HiC  mutual  action  of  gases   and  liquids,  results  which  are 

fir  u.-r'-  Ecncrsl  in  their  operation.     All  gaseous  bodies  are  in  a  , 

■  l"is  degree  soluble  in  water  :  some,  as  hydrochloric  acid 

nia,   being  absorl)ed  by  it  with  extreme  rapidity,  the 

.:;  op  400  or  6co  tJmea  its  bulk  of  the  gas;  in   other 

1^  Oixurs  with  e.irbnaic  acid,  water  takes  up  a  rolume 

•  own ;  whilbt  in  the  ease  of  nitrogen,  oxygen,  and  hy- 

■  '0C8  not  take  up  much  more  than  from  ,-',7  to  t^h  of  its 

t!ic  elasticity  of  the   gas  is  the  power  which  is  here 

<  .-idhesion,  and  which  at  length  limits  the  quantity  dis- 

I  -  found  that  the  solubility  of  each  gas  is  greater,  the 

f  ■mpernture,  and  the  greater  the  pressure  exerted  upon 

of  tlie  liquid.     Dr.  Henry  found   that  at  any  g\\ei\ 

tW  mlitme  of  auy  gaa    which   was    absorbed  ^Tiiva 

WT  might  be  the  pressure ;   consequently  tV^aX  VVe 

ga5  absorbed  by  a  given  volume  of  e 
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at  a  fixed  temperature  increased  directly  ifrith  the  pressure, 
the  pressure  be  uniform^  the  quantity  of  any  given  gas  abso 
by  a  given  liquid  is  also  uniform  for  each  temperature ;  and 
numerical  expression  of  the  solubility  of  each  gas  in  such  lie 
is  termed  its  coefficient  of  absorption,  or  of  soltdrilUy,  at 
particular  temperature  and  pressure;  the  volume  of  the  gas 
sorbed  being  in  all  cases  calculated  for  32^  F.^  under  a  pressi] 
29*92  inches  of  mercury.  Thus  i  volume  of  water  at  32°^ 
under  a  pressure  of  29*92  inches  of  the  barometer^  diss 
6*041 14  of  its  volume  of  oxygen ;  and  this  fraction  represent 
coefficient  of  absorption  of  oxygen  at  that  temperature  and 
sure.  In  consequence  of  this  solubility  of  the  air^  all  water 
tains  a  certain  small  proportion  of  it  in  solution ;  and  if  place 
a  vessel  under  the  air-pump,  so  as  to  remove  the  atmospl 
pressure  from  its  surface,  the  dissolved  gases  rise  in  minute 
bles.  Small  as  is  the  quantity  of  oxygen  thus  taken  up  by  ^ 
from  the  atmosphere,  it  is  the  means  of  maintaining  the  life  ( 
aquatic  plants  and  animals ;  if  the  air  be  expelled  from  wate 
boiling,  and  it  be  covered  with  a  layer  of  oil  to  prevent  it  from  f 
absorbing  air,  fish  or  any  aquatic  animals  placed  in  such  1 
quickly  perish.  Even  the  life  of  the  superior  animals  is  depeu 
upon  the  solubility  of  oxygen  in  the  fluid  which  moistens  the 
tubes  of  the  lungs,  in  consequence  of  which  this  gas  is  absorbed 
the  mass  of  the  blood  as  it  circulates  through  the  pulmonary  ves 
The  following  table  shows  the  solubility  of  some  of  the  ] 
cipal  gases,  both  in  water  and  in  alcohol  (Bunsen^  Liebig's  An 
xciii.  I,  and  Carius,  lb,  xciv.  129). 

Solubility  of  Gases  in  Water  and  AlcohoL 


Gases. 


Ammonia  .    .    . 
Hydrochloric  Acid 
Sulphurous  Acid 
SulphurettedHy- ) 
dro^en   ,    ,    ,] 
Chlorine    .    .    . 
Carbonic  Acid  . 
Protox.  of  Nitrogen 
OlefiantGus  .    . 
Binox.  of  Nitrogen 
Marsh  Gas     .    . 
Carbonic  Oxide  . 
Oijgen     .    .    . 


Volumes  of  each  Gas  dissolved  in  i  Volume 


Of  Water. 


At3a«F. 


Hi 


104960 
5059 

6«-86i 

43706 

solid 
17967 

1*3052 
02563 

0054^9 
003287 
0*04114 
0-02033 

002471    . 

ooisao  1 


Atsgop. 


727-2 
4580 

43'5<54 
32326 

2368 

I'0020 
007780 

o*  16150 

003909 
0*02432 
0*029 
0*014*] 

o'oil9S 
o*ot93|0 


Of  Alcohol. 


At  33°  P. 


\ 


328*62 
17*891 


4-3295 
4*1780 

35950 
0*31606 

052259 

020443 

0*28397 


At  59*' 


144*55 
9*53 

326 
2-88 
0*27 
0-48 

Q*d0 


or<A» 


\ 


(lARBB   TO    SOLIUB. 

Ml  tKew  gases,  witL  the  exception  of  hydrochloric   nc\i\,  may  be 
jcDcd  from  the  water  by  long-continued  boiling. 
If  a  mt^tuRt  t)f  two  ur  more  gaacs  be  placed  in  contact  with  a 

■  i{mA,  a  portion  of  each  gas  will  be  dissolved,  and  the  amount  of 
:.^'ii  SO  dissolved  will  be  proportioned  to  the  relative  volume  of 
'  ^h  gas  multiplied  into  its  coefficient  of  solubility  at  the  observed 
^^mperalqre  and  pressure  ; — For  instance,  if  it  Ire  assumed  in 
iTiiud  Dumlters,  that  atnioaphcric  air  contains  ^tU  of  its  bulk  of 
I  tygen,  and  ^S^tlis  of  its  bulk  of  nitrogen,  the  amount  of  each  of 
■Lr*c  ga&c3  nbicb  water  should  absorb  from  the  air  at  a  tcmpera- 
'  re  of  5^"  under  a  pressure  of  2992  inches,  may  be  calculatt^d  iu 
::ic  fallowiiig  manner.  The  coefficient  of  absorption  for  oxygen 
ii  59**  {■  o'o2y8y,  that  of  nitrogen  is  001478  : — 

■}■  0*02989  =  o'oo5y7  proportion  of  oxygen  dissolved. 
f  0*01478  =  0*01  lOi  pro[iortioii  of  nitrogen  dissolved. 

o'OJ7_59  proportion  of  air  dissolved. 

T>ie  proportion  of  nitrogen  thus  required  by  calculation  is  rather 
11^  than  double  that  of  the  oxygen,  or  66'i  :  33"9,  a  proportion 
jiiici  agrees  almost  exactly  with  the  results  of  experiment. 

Other  liquids  besides  water  dissolve  the  gases  with  greater  or 
Lii*  andity. 

(61)  Adhe»ion  of  Gases  to  Solids.— Vfhen  iron  filings  are 
.-Titlj  dusted  over  the  surface  of  a  vessel  of  water,  a  consider- 
-'■Ic  body  of  iron  dust  may  be  accumulated  upon  the  surface, 
iitU  at  Itrugtb  it  falls  in  large  flakes,  carrying  down  with  it  bub- 

■  (s  of  air  of  considerable  size.  The  adhesion  of  these  bubbles 
^inrd  the  panicles  of  iron  to  float,  for  such  particles  are  nearly 
_-hi  times  as  heavy  as  water.     Contrasted  with  this  result  is  the 

;   of   dusting   magnesia  in  fine  powder  over  the   surface  of 

:-_:  .   ihc  particles,  although  not  one  third  of  the  density  of  the 

-'in,  ininmliately  become  moistened  and  sink.     In  consequence  of 

lid  adhesion  of  air   to  their  surface,   many   small   insects    arc 

.jibltiH  to  skim  lightly  over  the  surface  of  water,  which  does  not 

"  ' '. "  f:i .      If  a  slip  of  clean  platinum  be  placed  iu  mercury,  it  is 

withdrawing  it  to  come  out  dry,  but  if  the  mercury  be 

L  ibc  platinum,  the  film  of  air  which  separated   the   two 

-  expelled,  and  the  mercury  will  be  found  to  have  wetted 

■  (■  completely.      It  ia  this  adhesion  of  air  to  the  surface 

■1  liioh  renders  it  necessary,  in  making  barometers,  to  boil 

nTctir>-  in   the  tubes  after    tliey  have  been  fiUcA,  Vw  ot^ici 

le^  to  expel  the_tilm  of  air  with  whicli  ihc  luVie  w  VwieA. 
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ABSORPTION    OP    OASES   BY  CHARCOAL. 


But  the  most  striking  instances  of  adhesion  between  gases  and 
solids  are  exhibited  when  finely  divided  bodies  are  made  the  sub- 
ject of  experiment.  We  have  already  had  occasion  to  notice  the 
eifect  of  charcoal  when  introduced  into  solutions  (53).  Its  effects 
on  gases  are  equally  rei)iarkable.  If  a  piece  of  well-burnt  box- 
wood charcoal  be  plunged  whilst  red  hot  under  mercury^  and  in- 
troduced without  exposure  to  the  air  into  a  jar  of  ammonia  or  of 
hydrochloric  acid^  it  will  absorb  these  gases  with  great  rapidity, 
and  will  indeed  reduce  them  into  a  bulk  less  than  that  which  they 
'  would  occupy  in  the  liquid  form.  A  piece  of  freshly  burned 
charcoal  when  exposed  to  the  air  condenses  moisture  rapidly 
within  its  pores^  and  has  been  observed  to  increase  in  weight  from 
this  cause  nearly  one-fifth,  in  a  few  days. 

Owing  to  this  property  of  charcoal,  water  saturated  with  many 
gases  may  be  freed  from  them  when  filtered  through  a  body  of 
ivoiy  black :  sulphuretted  hydrogen  may  thus  be  removed  so  com- 
pletely, that  it  cannot  be  detected  either  by  its  nauseous  odour,  or 
by  the  ordinary  tests.  Saussure  found  that  freshly  burned  box- 
wood charcoal  absorbed  different  gases  in  very  different  proportions, 
as  will  be  seen  in  the  following  tabular  view  of  his  results,  where 
the  bulk  of  the  charcoal  used  in  each  experiment  is  taken  as  i  :— 


Absorption  of  Gases  by  Charcoal, 


Ammonia 90 

Hydrochloric  Acid  .  .  85 
Sulphurous  Acid  .  .  6^ 
Sulphuretted  Hydrogen  55 
Protoxide  of  Nitrogen  .  40 
Carbonic  Acid     •     •     •  35 


Bicarburetted  Hydrogen  35 


Carbonic  Oxide  . 
Oxygen   .... 
Nitrogen 

Carburetted  Hydrogen 
Hydrogen     . 
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It  will  be  seen  that  these  results  follow  an  order  almost  exactly 
the  same  as   that  of  the  solubility  of  the   gases  in  water  (61). 

Different  kinds  of  charcoal  vary  considerably  in  this  absorbent 
power.  Stcuhouse  found,  on  comparing  equal  weights  of  three  diffis- 
rent  forms  of  charcoal,  that  the  relative  absorbent  power  of  each 
was  as  follows : — 


Gm  used. 


Ammonia  .  .  .  .  . 
Hydrochloric  Acid  .  . 
Sulphuretted  Hydrogen 
Sulphurous  Acid .  .  . 
J  OsrhonioAdd.  .  .  . 
/  Oxygen  ...... 


Kind  of  Charcoal  employed. 
Wood.  Peat.  Animal. 


98-5 

300 

32-5 
14*0 

o'8 


96-0 
6o'o 
285 

37-5 

XO'O 

06 


\ 


43*5 
90 

50 


\ 
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ic«e  experiments,  0-.5  gramme  of  each  kind  of  cliarcoal 
iployed,  »&(]  tlie  nuin1)ers  in  tlie  table  indicate,  in  cubic 
I,  the  quantity  of  eacL  ga»  absorbed. 
Charcoal  which  is  saturated  with  one  gas,  if  put  into  a  different 
^TC«i  up  a  portion  of  that  which  it  had  first  absorbed,  and 
in  its  place  a  quantity  of  the  second.  Finely  (hvided 
lie  platinum  also  condenses  in  its  pores  a  large  quantity  of  ~ 
ly  giwrs,  amounting  in  the  case  of  oxygen  to  very  many  times 
0*11  rolume.  If  a  jtt  of  hydrogen  gas  be  allowed  to  fall  in 
k  open  nir  upon  a  IkiII  of  platinum  in  a  fine  state  of  subdivision, 
■  jir  metal  becomes  incandescent;  the  osygeu  and  hydrogen  com- 
i'l-jc  rapidly  within  the  pores  of  the  metal,  and  tlie  heat  given  out 
iijiiiaily  seta  fire  to  the  jet  of  hydrogen :  ether  and  alcohol  when 
iirjppcd  upon pinlinum  blade,  another  still  more  finely  divided  form 
a(  Uie  metal,  produce  a  similar  appearance  of  incandescence.  This 
property  of  platinum  is  turned  to  account  in  eS'ectiug  many  im- 
ponuit  chemical  changes.  (859.) 

(63]   Deaiccation  of  Gases. — It  frequently  happens  that  in  the 

oiime  of  liis  operations,  the  chemist  requires  the  gases  wliich  are 

tht  subjects  of  his  experiments   to  be  in  a  perfectly  dry  state. 

'^iisi  arc  usually  prepared  in  contact  with  water,  and  hence  become 

ifgw3  with  a  variable  quantity  of  aqueous  vapour,  and  whether 

.^:  iriahes  to  ascertain  their  specific  gravity,  or  to  submit  other 

H'Mies  to  their  chemicid  iuHuence,  it  becomes  necessary  to  remove 

^^^p  tDoiature  completely.     l''or  this  purpose  the  property  of  adhe- 

^Hn  which  we  are 

^^(Hrooiieideriugis  Fio.  31, 

r   tmiu:( 
I    The 
■      v  ,-i 


,  a,  filled   with  fragments  of  fused   potash,  or   of  chloride  of 
,  or  of  quicklime,  or   of  pumice   stone  moistened  with  oil 
Iriol,  according  to  the  nature  of  the  gas.     The  gas  will  thus 
P'b  a  dfy  state  when  it  reaches  the  bulb  D,  vrhicli  m&j  coiAi\'[v 
:  mh'tiuice  ujMfD  which  its  action  is  to  be  exerted  ;  sxwcc  ^\ 
■c  Uxficf  possess  the  property  of  adheriug  Btrong\j  U>\saX&t  aai  ^ 


I 


Hpi/j 


aqueous  vapour;  some  of  them,  quicklime  for  example, 
iuto  chemical  combination  with  water,  and  if  allowed  a  a 
length  of  time,  wiil  remove  nearly  every  trace  of  moistui 
the  gases  which  are  brought  into  contact  with  them.  The  d 
parts  of  the  apparatus  are  connected  hy  flexible  tubes  (  ' 
chouc,  c  c. 

Diffunon  ({/"  Gases. 

The  process  of  intermixture  in  gases,  and  the  motions  of  the«C 
bodies  have  been  more  completely  investigated  than  the  corre- 
sponding processes  in  liquids.  The  movements  of  gases  may  be 
considered  under  four  heads ;  viz., 

1.  Diffunim,  or  the  intermixture  of  one  gas  with  another. 

2.  Effusion,  or  the  escape  of  a  gas  through  a  minute  Rpertora 
iu  a  thin  plate  into  a  vacuum. 

3.  Transpiration,  or  the  passage  of  differeut  gases  through 
long  capillary  tubes  into  a  rarefied  atmosphere, 

4.  Osmosia,  or  the  passage  of  gases  through  diaphragms. 
(64)   Diffitsion  of  Gases. — In  consequence  of  the  absence 

cohesion  amoug  the  particles  of  which  gases  and  vapours  consist^ 
mixture  takes  place  amongst  these  IkhIics  very  freely,  and  in  alt 
proportions.  Very  great  differeucea  in  density  occur  amongst  tin 
gases.  Chlorine  is,  for  instance,  nearly  36  times  as  heavy  aa  hy- 
Fig.  33.  drogeu,  the  lightest  of  the  gases,  so  that  tfaen 

is  about  three  times  as  great  a  difieretiM 
between  the   relative    weights  of  these  tm 
gases,  aa  between  those  of  mercury  and  water. 
But  the  mingling  together  of  gaseous  bodin 
of  different  densities  produces  a  very  tliSo- 
rent  result  from   the  mingling  together 
two  liquids,  such  as  mercury  and  water;  f 
if  tlicBG  liquids  be  mixed  by  agitation,  tt 
separate  the   instant   that  the  agitation'' 
discontinued.     Chlorine  and  hydrogen,  j 
the  other   hand,  when  once   mixed, 
separate,  however  long  they  may  rcmaja' 
rest.     Indeed,  if  the  gases  be  placed  in 
distant  vessels  and  bo    allowed  to   coi 
nicate   only  by  means  of  a   long  tul 
hydrogen  or  lightest  gas  being  placed 
most,  as  represaitcd  at  u  fig,  33,  the 
chlorine  tn  a  will,  in  the  course  of 
'tv.  Sad  its  nay  into   the  tipper  jar,  s 
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colour,    whilst  tlie    liydrogen    will   pass    downwards    iuto 

lower  one,  and   ultimately  tlie  gases  will  be   equally  ioter- 

tti  rough  out.     If  a  suflicieut   interral  of  time  be  dlowed, 

An  equal   iutcrmixture  occurs  with  all  gases  and  vapours  which 

io  not  act  chemically   upou   each   other;  and  wlieu   once   such 

>  nitxtnre   has  been  effected  it  continues  to  be  permanent  and 

Duifunu.     The  rapidity   with   whicli  this  diffimon  occurs  varies 

with   the  specific  gravity  of  the  gases;  and,  contrary  to  what  a 

ia{)erficial  consideration   might    lead   us    to  suppose,  the    more 

■iddy    the    two    gases   differ    in    density,    the    more    rapid    ia 

(!«  process  of  intermixture.     If   two  tall  narrow  jara  of  equiil 

dbneter  be  about  half  filled,  the  one  with  hydrogen,  the  other 

with  oummon  air  which  is  more  than  fourteen  times  as  heavy  as 

the  hydrogen,  so  that  the  water  in  both  shall  stand  at  the  same 

Irtei,  atvd  a  small  quantity  of  ether  be  thrown  up  into  each  jar, 

tUc  etiier  will  evaporate  in  both,  and  cause  in  each,  idtimately, 

■n  eqiuU  depression ;   but  the  vapour  of  the  ether  will  dilate  the 

Irdrogcn  at  first  much  more  rapidly  than  the  air,  for  its  vapour 

ill  Iteoocne  more  quickly  diffused  through  tlie  lighter  liydrogen. 

'.  eery  Mmple  and  striking  illustration  of  the  rapidity  with  which 

-  lieht  gas  becomes  diffused  into 

.  Itravier  oue,  is  shown  as  follows: 

-Take   a   tube  lo  or    12   inches 

ig,  one  end   of  which  is  closed 

Lh  a  porous  plug   of  plaster  of 

>n*  that  has  been  allowed  to  be- 

.at:  dry,  and  fill  it  with  hydrogen 

-'.    without   wetting  the   porous 

.   jg:  this   is  readily   effected   by 

^rixlnnug  the  shorter  limb  of  an 

.^frted  syphon,  *,  into  the  jar  b, 

-   33'  **"  '*  reaches  the  top,  and 

.:  u    lowering  the  jar  in   a    deep   ' 

-*e1  of  water,  a;  when    the    air 

,  i>  eocapcd,  the  open  limb  of  the 

-'    -    t;   closed  with  the   fiuger,   and   the  jar    raised  until   tht- 

,  :i    be  couveuieiitly  withdrawn  :  the  jar  can  now  be  filled 

I'gen  prepared  iu  a  retort  in  the  usual  manner.     If  the 

Ltiig  filled  with  hydrogen  be  supported  so  that  the  water 

.1  without  shall  stand  at  the  same  level,  the  water  in  the 

uiucdintely  begin  to  rise,  and  will  coutinue  to  do  so  in 

^pmitKiii  to  gravity,  aatilj  in  the  course  of  three  or  foui  tq\ivu\.^, 

"      1  Maid  some  iacbea  higlier  than  the  surface  of  l\ve  ■walet  "va.  ' 


*«  LAW  OF   DIFFUSION    OF   GASES. 

•■  xi.*<si.»I,  ill  consequence  of  the  liydrc^en  passing  out 
^•..:^'i  .  u-  't^oix**  i,>i'  the  stucco,  and  becoming  diffused  into  the  air 
•A>t   tioiv  rabidly  than  the  air  passes  in  and  becomes  diffused 

■!.\Mf;ii  'AW  hvdn^Hl. 

Vi,v  virv  pt.>n.)us  substance  may  be  substituted  for  the  plaster ; 
.  tiui  oi'  vvlUnlion  on  paper,  as  Mr.  Graham  has  informed  me, 
,i«*.>^  sAvvIliMit  results. 

!\>  :tK\ius  of  this  simple  diffusion  tube,  taking  care  to  main- 

i..4   ^<u*   Nurtat^v  of  the  water  within  and  without  the  jar  on  the 

J  Mv*  'i'\cl,  as  shown  at  b,  in  order  that  the  results  may  not  be 

..iiJou\l  Hith  by  the   disturbing  force  of  gravity,  Graham   has 

-vtriMiiiioil  tho  hiw  which  regulates  the  rapidity  of  gaseous  diffu- 

vv>ii.      bXivrunouts  so  made  show  that  the  diffusiveness  or  diffu- 

<r>  'I    "iVi//i(-  of  a  gus  is  in  the   inverse   proportion  of  the  square 

■»\'i    i»i*  lis  dousity  ;    consequently  the  squares  of  the   times  of 

.^^.i.ii  ihtfusion  of  the  different  gases  are  in  the  ratio  of  their  spe- 

•:u    :;ia\itios.     Thus  the  density  of  air  being  i,  the  square  root 

<«  -iKiL  lUMisity  is  1,  and  its  diffusion  volume  is  also  i ;  the  den- 

v.i*    v»r  hvib'ogon   is  o*o6y2,  the  square  root  of  that  density  u 

»;:.  and  its  ditlusion  volume  ij-.tWt  =  37994  >  or  as   actual 

\  \;4:iunt  slkows,  ^S 5  ;  that  is  to  say,  in  an   experiment   con- 

.H.iu  \\\\\\  duo  pixvautions,  whilst  i  measure  of  air  is  passing  into 

,     rhi.Mv»a  tuU\  5'S  5  measures  of  hydrogen  are  passing  out  of  it 

*  .    !k-  (.'.iM'  whi'iv  ditleront  gases  are  mixed  and   then   intro- 

sVK.    :ii\»  ;!io  ilil!\i>iou  tube,  each  preserves  the  rate  of  diffusion 

v\» -\%;  A*   iM*U'.      If,  for  instance,  hydrogen  and  carbonic  acid  be 

.   \vx;  *.ui  ■'iiu\\l  iu  the  ditfusion  tul)c,  the  hydrogen  passes  out  with 

^  >  ^,v»k.x :  uipuhtv  than  the  carl)onic  acid  :  a  partial  mechanical 

■xM   'i  '.«o  j;aM's  differing  in  density  may  thus  be  effected. 

V  ..V    .  i  :;a.\K'»  lAiKUid  equally  (128)  by  tlie   action  of  equal 

, ,, ..     ,    K \U.  choir  ri'hitivc  densities  arc   preserved,  and  the 

,     .   *v»v\»'u*of  ditl\ision  are  therefore  preserved  also,  what- 

\    ^«..j\u»iuiv.  |U\)vidcd  that  both  gases  be  heated  equally. 

^,    „  ,    .     i:hi.x(oa  of  oqual  volumes  of  diflcrent  gases  becomes^ 

V  v\..  .uwleiated  by  a  rise  of  temperature  ;  for  by 

^...v  kO   uiuloit*!!   specifically  lighter ;  but  the  rate  of 

\x.v  ,**    ru-uuM*  so  rapidly  as  the  direct  expansion  of 

s^...      V  •■•.  wxiuoutlv  the  same  absolute  weight  of  any  gas 

•  x-*v  *•*•**'  •«ii»KlIy  at  a  low  than  at  a  high  temperature. 

*v    ^x\\^  .>»  .iKh«*K»ii  is  one  which  is  continually  perform- 

ss^M^  i*.*  -^  ^'^'^  atmosphere  around  us.     Accumula- 

^%%  ^iK-^  ^V  ^utlt  for  the  support  of  animal  and 

V*    L^  %V  ^  'ft^  W***  ttWutly  and  speoiWy  d\«^e:T«edL,^\A 


1  tbc  rom position  of  tliP  aerial  ocean  wliicli  is  so  essential 

■  conirurt  aud  liealth   of  the  aniiual  creation.     Respiration 

t  for  the  procces  of  difl'usioii,  would  fail  of  its  appointed 

I  rapidly  renewing  to  the  lungs   a   fresh   supply  of  air  in 

t  of  that  trhich  has  been  rendered  unfit  for  the  support  of  life 

p  ebemicni  changes  which  it  has  undergone. 

s  following  table  gives  the   §pecific  gravity  of  several  im- 

t  gases,  the  square  root  of  the  density,  or  ratio  of  the  times 

1  for  the  difl'usiou  of  equal  weights,  if  the  time  for  air=i, 

■  tecifirocal  of  that   square    root,  or   calculated    diffusiveness  of 

M,  and  the  actual  numbers  obtained  by  experimeut. — (Gra- 

m,  Phil.  Mai;.,  1833,  vol.  ii.  p  353) 

Difftuion  and  Effiision  ^f  Gases. 


^ 


;&uitG*«    .     .     . 

iiu'i-xtde  of  Nitrogen 


i  )>lur«l 


lUKlli-i]  Hyilrogen 
'■■ifnrid*  of  Nilro(;ea 
■-:taah  Acid  .  .  . 
jpUuroos  Acid       .     . 


07476 
0-7896 
09837 

toiyfi 
'■<»5t.5 
10914 


37994 

1-1^64 

roiflS 


0M087 
0-6671 


(65)  EJfusion.—The  numbers  in  the  last  column  of  the  table 

uiod  '  Kale  of  Effusion,'  are  the  results  obtained  by  esperimeut 

-11  the  rapidity  with  which  the   different   gases  escape  into  a 

unm  through  a  minute  aperturCj  about  xihr  of  an  inch  in  dia- 

;■  T,  perforated  either  in  a   thin   sheet  of  metal  or   in  glass, 

riJmm,  Pfiil.  Trans.,  1846,  p.  574.)      It  is  evident   that  they 

chIc,  within  the  limits  of  experimental  errors,  with  the   rela- 

ntlefl   of  (lifl'usion  of  each   gas  ;  and  that  the  velocities  with 

JL-h  dilTcrcnt  gases  pass  through  the  same  small  aperture  into  a 

nam,  ar«  inversely  aa  the  square  roots  of  the  densities  of  the 

■  -1.      The  lightest  gas  enters  the  most  rapidly.     Change  in  the 

ity  of  the  gas  has  hot  little  influence  on  the  rate  of  effusion, 

kFilamc  cSttsed  10  a  given  time  being  neariy  uniform,  nhatever 

^kinount  of  coudeueatiou  or  of  rarefaction.     Tlve  rate  ot  t\\e 

I  of  liquids,  iiliea  passing  through  an  aperture  Vn  a  \erj  VVto. 

r  a^iwd  aUo  to  be  Inversely  as  the  square  roote  ot  VV-ea 


J 


(66)  Transpiration  of  Gases. — "When  gases  are  transm!tt 
through  fine  tubes,  a  very  different  result  is  uhtaineil,  correspoti 
ing  with  the  effect  already  described  in  the  cnsc  of  liqirii 
(Graham,  P/iil.  Trans.,  1846;  and  1849.)  A  series  of  experiuci 
oil  gai^es  and  vapours,  analogous  to  those  upon  liquids  by  Poiseoil 
already  referred  to  (60),  showed  that  the  rate  of  effius  for 
gaSj  or  the  velocity  of  transpiration  (as  Graham  terms  this  pai 
of  gas  through  long  capillary  tubes)  is  entirely  independent  of  i 
rate  of  difTusiou.  In  the  performance  of  these  experimeuta, 
gas  was  placed  over  water,  in  a  graduated  jar,  a,  tig.  34,  so 
peuded  that  the  liquid  in  the  jar  and  in  the  bath  could  be  rcadi 

Fio.  M- 


I         — 


kept  at  the  same  level.  The  gas  was  dried,  by  passing  it  tTirot 
a  tube,  B,  filled  with  chloride  of  calcium,  and  thcu  allowed 
enter  through  a  long  fine  capillary  tube,  c,  into  the  exhausted 
ceiver,  d,  of  the  air-pump,  which  was  sometimes  kept  vacuoos 
continued  pumping;  at  other  times,  the  state  of  tho  exhausti 
was  ascertained,  at  intervals,  hy  means  of  the  gauge,  g.  In 
cases,  the  quantities  of  gas  that  eutcred  in  a  giveu  time  w 
carefully  observed. 

It  is  necessary,  in  order  to  overcome  the  influenco  of  effiini 
and  to  furnish  uniform  results,  to  employ  a  certain  lengtJi  of  tit 
which  increases  with  the  diameter,  and  is  not  uniformly  Uio 
for  all  gases.  If  this  precaution  be  observed,  it  appeara^  mh 
the  gui'cx  How  through  capillary  tulna  mlo  a  \aEv\«n\ — 

J.  That  the  rate  of  troospiratiuu  for  iVic  «a\D«  ^a  \iMxt 
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trtita,  directly  as  the  pressure;  in  other  words,  equal 
of  »ir,  at  lilflbreot  densities,  require  times  iuverscly  pro- 
1  to  the  deikslties.  For  eiample,  a  pint  of  air  of  double 
by  of  the  atmosphere  will  pass  through  the  capillary  tube 
Tacuum  ill  half  the  time  .that  woidd  be  required  for  a 
r  of  tta  natural  density.  This  is  a  very  remarkable  result, 
pB  the  process  of  transpiration  with  a  character  quite 
at  of  difi'uaioQ  or  effusion.  2.  That  with  tubes  of  equal 
the  volume  transpired  in  equal  times  is  inversely  as  the 
'  the  tube  :  if  50  cubic  inches  were  transpired  through  a 
»t  long,  in  five  minutes,  a  similar  tube,  20  feet  in 
ould  only  allow  the  passage  of  1^5  cubic  inches  in  the 
3.  That  as  the  temperature  rises,  the  transpiration  of 
i  becomes  slower.  4.  That  whether  the  tubes  were 
or  of  glass,  or  whether  a  porous  mass  of  stucco  were 
niformity  in  the  results  was  obtained.  By  com- 
Igetlier  different  gases  under  similar  circumstances,  the 
Aspiration,  or  rapidity  of  passage  into  a  vacuum  through 
r  tobe,  was  found  to  vary  with  the  chemical  nature  of 
These  velocities  of  different  gases  bear  a  constant  tcIh- 
I  other,  totally  independent  of  their  densities,  or  indeed 
T  known  property  of  the  gases.  Graham  considers, 
ost  probable  that  the  rate  of  transpiration  is  the  re- 
'  a  kind  of  elasticity  depeudiug  upon  the  absolute  quau- 
;  latent  as  well  as  sensible,  which  different  gases  con- 
'  the  eame  volume ;  and  therefore  that  it  will  be  found  to 

,  more  immediately  with  the  specific  heat  tbau  with  < 
property  of  gases, 

Transpirability  of  Gases. 
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Of  all  the  gases  tried^  oxygen  lias  tbe  slowest  rate  of  tran8pi<* 
ration ;  and  hence  that  gas  may  be  conyeniently  taken  as  the  stan- 
dard of  comparison  for  the  other  gases^  as  has  been  done  in  the 
preceding  table,  which  shows  the  relative  times  in  which  eqnil 
volumes  of  the  different  gase^  are  transpired,  and  their  relative 
velocities,  which  are  of  course  inversely  as  the  times. 

A  mixture  consisting  of  equal  volumes  of  two  gases  whidi 
differ  in  their  rates  of  transpiration,  does  not  always  exhibit  4 
transpirability  which  is  the  mean  of  that  of  the  two  gases  when 
separate.  The  transpiration-time  of  hydrogen  is  greatly  prolonged 
by  admixture  with  oxygen ;  equal  volumes  of  these  two  gases  had 
a  rate  of  0*9008  instead  of  072,  which  would  be  the  mean  of  tht 
two. 

In  the  following  table  the  transpirability  of  some  vapours  i| 
given.  These  results,  however,  from  the  necessity  of  experiment- 
ing upon  the  bodies  in  a  state  of  mixture  with  some  permanent 
gas,  have  not  hitherto  been  determined  with  a  precision  equal  to 
that  attained  in  the  gases  above  enumerated : — 

Tranqnrability  of  Vapours. 
(Times  required  for  equal  volumes.) 


Oxygen      ....  I'oooo 
Bromine  (about)  .     .  I'oocc 
Sulphuric  Acid  .     ") 
(Anhydrous)       .     ) 
Bisulphide  of  Carbon  C'6195 


Chloride  of  Methyl  .  0-5475 
Chloride  of  Ethyl  .  0-4988 
Oxide  of  Methyl  .  .  04826 
Hydrocyanic  Acid  *  0-4600 
Ether 0*4400 


Some  very  simple  relations  in  the  transpirability  of  several  a 
tljc  foregoing  gases  may  be  observed.     Thus  it  has  been  found — 

1.  That  equal  weights  of  oxygen,  nitrogen,  air,  and  carbonii 
oxide  are  transpired  in  equal  times. 

2.  That  the  velocities  of  nitrogen,  of  binoxide  of  nitrogen,  am 
of  carbonic  oxide  arc  equal. 

3.  That  tlic  velocities  of  hydrochloric  acid,  of  carbonic  acid 
and  of  protoxide  of  nitrogen  are  equal. 

4.  That  the  velocity  of  hydrogen  is  double  that  of  nitrogen^  G 
carbonic  oxide,  and  of  binoxide  of  nitrogen. 

5.  That  the  velocities  of  chlorine  and  of  oxygen  are  as  3  :  2. 

6.  That  the  velocities  of  hydrogen  and  of  light  carburette 
hydrogen  are  as  5  : 4. 

7.  That  olefiant  gas^  cyanogeuj  and  ammonia  have  each  nearl 
double  the  velocity  of  oxygen. 

^.  That  the  tninspiratiou-Ume  of  Yi^dxog^  \a  ^«  wuxa  «&  ^ 
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r  densities ; 
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rapoiir  of  etiicr,  and  tliat  of  sulphuretted  hydrogen  is  the 
0  the  truispiratiou  of  the  vapour  of  bisulphide  of  carbon. 

oxide  and  iiitrogea  have  the  same  density  and  the 
of  transpiration ;  so  have  carbonic  acid  and  protoxide  of 
The  rates  of  transpiration  of  atmospheric  air,  of  oxygen, 
sod  of  carbonic  oxide  are  like\f  i&e  in  direct  proportion 
but  these  seem  to  be  concurrences  rather  than 
ooiitetjuencea,  as  no  regnlar  coiincxiou  between  the  trans- . 
od  the  density  of  the  gas  can  be  traced. 
Passage  of  Gases  through  Diaphragms. — As  in  the  case  of 
itOQ  of  liquids  the  results  are  often  modified  by  the  em- 
of  a  diaphragm,  and  tlie  introduction  of  the  diatuibing 
adhesion  to  the  material  of  which  it  consists,  so  it  is  also 
t  to  gases.  This  diaturhance  of  the  law  of  diifusioii  is 
leen  in  the  case  of  soluble  gases,  when  the  diaphragm 
If  a  moist  thin  bladder,  or  a  rabbit's  stomach,  be  dis- 
air,  and  suspended  in  a  jar  of  carbonic  aiud  gas,  the 
acid,  being  soluble  in  the  water  with  which  the  membrane 
!Ded,  is  conveyed  through  its  pores  by  adhesion,  and  passes 
the  inside :  the  air  in  the  interior  is  but  sparingly 
nod  is  transmitted  outwards  very  slowly;  the  carbonic 
iBcttoently,  notwithstanding  its  lower  diffusive  power,  accu- 
within,  and  at  length  often  bursts  the  bladder.  A  similar 
,  arising  from  the  same  cause,  is  exhibited  on  placing  a 
the  month  of  which  is  covered  by  a  film  of  soapy  water, 
of  protoxide  of  nitrogen.  Where  the  diapliragra  docs  not 
thia  KilvaQt  power,  the  usual  law  of  diffustveness  prevails. 
TVm  it  strikingly  cxemplilicd  by  taking  two  similar  small  jars, 
(lerwn   at   a  and  H,  fig.  55, 

•  Vii;:  filk-d  vrith  hydrogen,  ^"'-  35- 

iw.'li.ur,  and  tying  a  sheet 
>J  iiiHTitiouc  over  the  open 
euiii'.Ij  ill"  fcacb.     Over  the 


i  with  s 


y  into   ' 


.::nnmg  air  mvert  a 

r  full  of  hydrogen,  h'j 

.1.  i]ther  exposed  in  n 

ir,  s.';  iu  the  course  of 

-  i:-r  a  fortnight  the  caoutchouc  over  the  jar  filled  with  nir 
■'-■f  ome  convex  from  the  eudosmosis  of  the  hydrogen ;  0 
•vill  have  become  concave  from  its  exosmosis ;  t 
'igtu  in  both  cases  through  the  caoutchouc  l 
,  rhe  gimultaueom  passage  of  the  air  through  \t 
rcrlioa,     Caoatcboac  has,   like  charcoal, 


r  Dlleu  witb  air 

hydrogen;  over  _ 

isis;  theraotioa  ■ 

ouc  being  moxQ  fl 

irougU  \t  m  \\mi  I 

l1,  L\ie  '^o^^et  ol  ■ 


contlenaing  large  qiiautitics  of  many  gaacs  by  ttc  force  of  a 
sion;  for  example,  it  rapidly  absoilw  ainmonia,  protoxide  of  tut 
gen,  and  sulphurous  acid.  Indeed,  it  is  impossible  to  employ  ■ 
diaphragm  in  which  this  disturbiug  force  is  not  in  a  certain  d 
observable ;  even  with  plaster  of  Paris  it  is  appreciable,  and  slij^ 
modifies  the  experimental  results  of  diffusion:*  where  coudensati 
occurs  in  the  membrane  to  a  large  amount,  the  gas  is  frequen 
reduced  in  bulk  as  much  as  would  be  needed  for  its  liquefactio 
it  then  evaporates  from  the  opposite  surface  of  the  diaphragm 
the  other  gas,  just  as  a  very  volatile  liquid  would  do. 

The  pheuomena  of  diffusion  in  gases  were  viewed  by  DaltoB 
a  necessary  consequence  of  the  self-repulsive  property  of  the  | 
tides  of  gaseous  bodies.  He  considered  that  each  gas  ultimal 
dilates  until  the  whole  space  through  which  the  diffusion  occar 
filled  with  an  atmosphere  of  that  gas,  of  a  density  proportioned 
the  quantity  of  the  gas  present.  Observation  shows  that  each 
becomes  diflused  through  a  limited  space  filled  with  any  other  | 
US  it  would  do  into  a  vacuum,  the  other  gas  only  acting  mec' 
cally  to  retard  the  period  at  which  such  uuiformity  of  diffunoi 
attained. 

It  has  been  remarked  by  Graham,  that  if  this  view  wore  t 
there  should  be,  contrary  to  experience,  a  depression  of  temperal 
when  two  gases  liecome  intermixed.  It  does  not,  however,  i 
that  this  is  a  necessary  consequence,  siuce  the  particles  of  each 
may  merely  glide  amongst  those  of  the  other  kind,  as  the  p&rtt 
of  water  do  amongst  those  of  sand,  the  self- repulsion  of  the  parti 
still  being  the  power  which  determines  the  process  of  diffustoQ 

The  phenomena  of  the  diffusion  of  liquids  seem,  however,  t 
more  easily  reconciled  with  the  supposition  of  a  feeble  supc 
attraction  betwccu  the  particles  of  one  liquid  and  those  of  a 
and  the  supinsition  that  an  analogous  attraction  eiists  betweat. 
particles  of  one  gas  and  those  of  a  gas  of  different  nittarc  i 
sufficiently  account  for  the  process  of  intermixture  in  the  ca 
elastic  fluids. 

It  is  to  be  borne  in  mind  that  in  the  intermixture  of  g 
diffusion  volume  has  no  necessary  relation  to  the  chemical  aja, 
lent  or  supposed  atomic  weight  of  the  body.     The  ratios  «] 


•    Bunion,    in    his   ripvrimviite    (G,uametrf.    truiilntion    by   ' 
I>P-   <9^  '33)'  ^""^  *  I'l"!!  "^  eyP*""*  fr>>n>  half  an  iofii  lo  aa  i 
tluckIlt^•ll,  uid  tlm  rusulti  kIiowpii  tU«t  ttio  pliMiouieiut  or  traiuun 
aiuft  nbo  be  ■]Iowi>ij  fiiff,  bnt  from  eatjnuaiBjt  it«  i(nt<urtuMw  undob 
^*» /I'd  to  queMioa  tiie  accuricy  of  lirahuiik  Wn  <£  w(<um#&, <K^ek  ii 
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'  '■  bcca  obaervecl  are  dependent  upon  tlie  relative  density  of  the 
--»  com{wred,  quite  irrespective  of  tlie  combiniog  proportion. 
I  tijoida,  a  sinular  want  of  connexiou  betweeu  the  cLemical  equi- 
1  ;it»  and  the  difrnsion  volume  is  observed  ;  the  relation  in  tbis 
-■  is  a  mullipie  of  tlie  absolute  weight  diffused. 

168)  Srpiiralion  0/  Bodies  by  Cold  or  Heat. — It  often  happens, 
I  re  adhesion  haa  proceeded  eo  far  as  to  produce  the  solution  of 
^j'lid  ID  >  liquid,  as  in  the  casesjust  considered,  that  the  chemist 
1  to  destroy  this  adhesion,  and  to  obtain  one  substance 
1  at  them  in  a  separate  form.  This  separation  is  generally 
with  the  aid  of  heat.  Depression  of  temperature  will 
s  cause  the  cohesion  of  the  particles  of  the  solid  to  acquire 
idency  over  the  force  of  adhesion.  When,  for  example, 
isposed  to  intense  cold,  man  yd  egress  below  that  necessary 
•  water,  the  spirituoua  portion  retains  its  liquid  form,  and 
t  from  the  aqueous  part,  which  solidifies  as  ice.  An  in- 
tbis  sort  occurs  in  nature  on  a  vast  scale,  in  the  pure 
which  is  formed  over  thousands  of  square  miles  of 
■  round  the  uorthern  and  the  southern  poles.  Indeed  water,  in 
t  of  freezing,  becomes  completely  separated  from  everything 
k  h  previously  held  ia  solution.  It  is  owing  to  the  separation 
r  previously  dissolved  in  the  water,  that  ice  so  often  presents  a 
,  honeycombed  appearance.  Faraday  has  shown  that,  even 
1  scute,  this  complete  separation  of  foreign  matters  from 
r  may  be  easily  effected  by  the  process  of  freezing.  If  sul- 
C  adi,  or  a  strong  solution  of  indigo,  or  one  of  common  salt, 
1  witligoor  100  times  its  bulk  of  water,  and  this  mixture 
i  in  a  tube  of  about  an  inch  in  diameter,  aud  immersed  in 
[  mixture  (163),  at  tbe  same  time  that  the  separation  of 
I  matter  is  mechanically  facilitated  by  stirring  tlie  liquid 
;1  round  briskly  and  constantly  with  a  feather,  the  sides 
be  will,  in  a  few  minutes,  be  lined  with  a  coat  of  trans 
t,  dioniciUty  pure  ice,  all  the  foreign  matters  having  accumu- 
1  the  central  portion,  which  still  remains  liquid. 
I  like  manner,  gases  may  be  in  great  measure  freed  from 
ibie  vapours  by  exposing  them  to  a  very  low  temperature, 
vith  moisture  may  be  i-endered  nearly  dry  by  causing 
e  a  long  tube,  cooled  down  by  immersion  in  a  m'L\ture 
Jsalt. 
rattiHi  of  temperature  ia  still  more  often  resorted  to  for  the 
1  at  bodies  in  solution ;  irhen,  for  instance,  a  eo\vL\,\oa  ol 
D  alt  ID  truter  is  exposed  to  heat,  the  repu\s'\ve  yo-nct  o^ 
i  orertxmes  tbe  cohesion  of  the  water,  as  well  aa  ka  Wflie- 
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sion  to  the  salt ;  the  water  assumes  the  aeriform  condition,  passes 
off  in  steam^  and  leaves  the  salt  behind  in  the  solid  state.  This 
process  is  termed  evaporation.  It  proceeds  rapidly  in  shallow, 
open  vessels,  in  which  case  the  liquid  escapes  into  the  air.  If  it 
be  necessary  to  preserve  the  solvent,  the  operation  is  conducted  in 
a  closed  vessel,  such  as  a  retort,  and  connected  with  a  suitable 
condensing  apparatus,  so  as  to  effect  a  distillation  of  the  liquid. 
The  same  process  may  be  applied  to  effect  a  partial  separation  of 
liquids  of  different  degrees  of  volatility,  and  spirit  of  wine  is  thus 
more  or  less  perfectly  separated  from  water. 

§  IV.  Crystallization. 

(69)  It  might  be  anticipated  that  when  cohesion  slowly  re- 
covers its  ascendency,  this  force  would  exert  itself  throughout  the 
mass  equally  in  all  directions,  and  that  a  globular  concretion  would  . 
be  the  result,  as  when  oil  separates  from  mixture  with  dilute  spirit^ 
of  a^  specific  gravity  precisely  equal  to  its  own.  The  £Eu;t,  however, 
is  quite  otherwise,  for  as  a  general  rule  cohesion  is  not  exerted 
equally  in  all  directions  in  solids.  In  the  majority  of  instances^ 
where  solid  bodies  are  allowed  slowly  to  separate  from  their  sola* 
tions,  they  are  found  to  assume  regular  geometrical  forms.  Each 
substance  has  its  own  peculiar  form.  Such  regular  geometrical 
solids  arc  termed  crystah. 

By  these  differences  in  form,  the  materials  which  constitute  the 
crystallized  masses  may  often  be  distinguished  from  each  other. 
For  example,  common  salt  crystallizes  in  cubes,  alum  in  octohedra^ 
saltpetre    or  nitre  in  six-sided  prisms,  Epsom  salts  in  four-sided 
prisms,  and  so  on.     The  more  slowly  and  regularly  the  process  is 
allowed  to  proceed,  the  larger  and  more  regular  are  the  crystals. '^ 
The  usual  method  of  obtaining  crystals  is  to  form  a  strong  solution 
of  the  salt  in  hot  water,  as  most  bodies  are  more  freely  soluble  in 
water  when  it   is  at  an  elevated  temperature  than  when  cold ;  at 
the  liquid  cools,  the  cohesion  of  the  salt  resumes  its  ascendency, 
and  the  crystals  shoot  through  the  liquid :  in  this  way  crystals  of 
nitre  are  easily  procured.      It  is  not  necessary,  however,  that  the .« 
liquefaction  should  in  all  cases  take  place  through  the  interventioA  J 
of  an  indifferent  liquid  such  as  water :  mere  fusion  of  the  sab*^ 
stance,  followed  by  slow  cooling  so  as  to  allow  it  freely  to  obey  tli^| 
molecular  attraction,  is   in  many   instances  sufficient  to  produr^ 
crystals.     If  8  or  10  lb.  of  sulphur  or  of  bismuth  be  fused  in 
crucible,  and,  after  it  has  cooled  sufficiently  to  become  solid  if 
tlic  surface,  the  crust  be  broken  tihro\ig\iaii<3Lli\ie^c^.\tfV(Kkii 
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iofii  be  poured  out,  the  inner  surface  of  the  solid  portion 

fuunil   to  be  lined  with  prii^matic  transparent  crystals  of 

ir,  or  brilliant  hollow  cubes  of  metallic  bismuth.     AVater  on 

hriDg  often  shoots  into 

liful  crystals,  aa  inav  be 

the  forms  of  snow 

fig.    36,  which   fall 

a   hard  frost.     T!ie 

of  these  flukes  are  ail 

from   the   &ii-sided  ^^^^^^^      .^^^        ^_^_ 

No.  I  :  the  »p„.te  RS^KS^KS^ESI 

ill  the  groups  2,  3, 
6,  7i  8,  all  cross  each 

■1  mngles  of  60°  aud  1 20°,  though  they  vary  in  the  com- 
of  their  arraugemeut. 
In  the  bowels  of  the  earth,  temperatures  which  luan  can  hardly 
■ttaiii  in  his  furnaces,  have  been  acting  for  ages ;  processes  of  cool- 
ing of  the  most  regular  and  gradual  kind  have  been  proceediiig, 
■nd  ■  great  variety  of  combinations  have  been  efTected  under  the 
prceiire  of  the  Buperineumbent  strata :  by  the  combined  operation 
€f  tliese  causes  many  crystalline  substances  of  mineral  origin  have 
bcEQ  formed,  which  we  have  not  succeeded  in  imitating,  although 
adocer  examination  of  the  slags  of  our  iron  furnaces  reveals  new 
rr.AcuX  formatious  of  this  nature ;  and  the"  number  of  those 
iibinatioDS,  previously  uaattaiued  by  art,  is  gradually  bting 
:  uitUNlicil. 

Ebelraeo  {Ann.  de  CItimie,  III.  sj^ii.  21 1)  succeeded  in  pro- 
ducing a  v&riety  of  artificially  crystallized  compounds,  which  were 
Mire  only  known  as  natural  minerals,  by  dissolving  their  con- 
Uitueat*  in  Itoracic  or  in  phosphoric  acid,  or  in  one  of  their  saltf, 
od  tlieii  subjeciiug  the  mixture  to  an  inteuse  and  long. sustained 
bett  in  a  furnace  used  for  baking  porcelain  ;  the  acid,  or  other  com- 
poood  employed  as  the  solvent,  was  thus  very  slowly  volatilized, 
ud  rarious  crystals  were  obtained,  including  spinelle,  chrome  iron, 
OBnald,  and  corundum  or  ruby.  Deville  and  Caron  [Cumptes 
Atadiu,  xlvi.  764)  have  extended  these  experiments.  Tliey  iu- 
bniuct-d  the  fluorides  of  certaiu  metals  into  a  crucible  liued  with 
charanl,  and  containing  a  quantity  of  boracic  acid  supported  in  a 
*iim11  cnp  of  carbon.  The  cover  of  the  crucible  was  then  carefully 
iotisd  UQ,  and  the  whole  exposed  for  an  hour  or  two  to  an  intense 
■hite  beat.  Under  these  circumstauces  the  metallic  fluoride  mid 
H,r  bomrJc  acid  were  slowly  volatilized,  the  vapours  decomposed  each 
.ur,  tuid  cryiitiilB  were  formed.   Sesquiduoride  of  irou  nVtvi 'Ciwfc 
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treated    with    boracic    acid   yielded    magnetic    oxide  of 
octohcdral    crystals.      Fluoride   of    zirconium    yielded 
crystaU  of  zircoaia ;  a  mixture  of  6uoride  of  aluminum  s 
of  glucinum  furnished  chrysoberj-I;  fluoride  of  aluminum  mixed  1* 
fluoride  of  zinc  yielded  crystals  of  gahnite ;    and,  by  tlie  1 
appropriate  mixtures,  stauro!ite  and  other  crystallized  iMxlies  ; 
"viously  only  known  as  native  minerals  were  procured.     The  bi 
that  has   attended  these  investigations  offei-s  every  iuducom 
to  those  who  have   the  opportunity,  to  pursue   this  interestil 
subject. 

It  is  not  in  all  cases  necessary  that  liquefaction  should  1 
place  as  a  prelimiuary  to  crystallization  :  the  deposition  c 
from  the  gaseous    state  sometimes    occurs   in   erystalliii 
iodiuc,  arscniouB  acid,  sulphur,  iodide  of  mercury,  and  i 
ofier  illustratious  of  this  mode  of  crystallization. 

(70)  The  process  of  crystallization  from  solution  often  afi 
a  means  of  separating  two  salts  of  unequal  aolubUity,  the  ( 
talliue  form  of  which  is  diflereut,  and  which  have  no  cheuuc 
action  on  each  other ;  nitrate  of  potash  is  thus  purified  firom  I 
common  salt  which  always  occurs  mixed  with  it.  This  proceM 
very  generally  resorted  .to  as  a  means  of  purifying  sails  frooi  ■ 
quantities  of  foreign  admixtures,  which  may  be  soluble  in  w 
but  which  either  do  not  crystallize,  or  if  they  crystallize,  do  not 
so  in  dilute  solutions.  Each  cryatallization  diminishes  the  q 
of  adhering  impurity,  and  after  the  process  has  been  repeated  I] 
or  four  times  by  dissolringeach  succrasive  crop  of  crystals  ia  fi 
portions  of  pure  water,  the  product  will  in  most  cases  be  E 
impurity,  The  crystal  I  izntion  of  sea  salt  from  sea  water  I 
separates  the  chloride  of  sodium  from  chloride  of  magnesiun,  1 
from  various  other  salts  which  arc  present  with  it  in  small  J 
portions  :  a  single  crystallization  gives  the  salt  sufficiently  f 
for  commercial  purposes,  though  it  is  iu  this  state  far  from  be 
chemically  free  from  the  IkkIics  which  accompany  it  in  the  w«l 
of  the  oceau.  A  single  crystallization,  liowcver,  if  the  sohitioa' 
briskly  stirred  whikt  the  crystals  are  being  deposited,  may  be  BUI 
to  liiruish  the  salt  very  nearly  chemically  pure.  The  cryatalt  I 
thus  deposited  in  minute  detju-hed  grains ;  nud  if  these  are  piM 
to  drain,  and  washed  with  a  saturated  solution  of  the  pure  salt  M 
practised  in  the  refining  of  nitrv  (47f>),  the  motiwr  !i(iuor,  wM 
retains  the  impurities  dissolved,  may  be  comjjetely  wasbcd  a 
but  if  the  crystals  be  allowed  to  be  deposited  slotrly  and  to  acqtti 
a  largo  rolame,  the  mother  liquor  in  rctuncd  Itetwnea  the  layts* 
'Jie  crratal,  and  caauot    be  Ihotoog^tl;  d'\K^ncfi&  \)^  ^ia  '' 
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lies,  such  aa  sulphate  and  chromate  of  potash,  nliich 
same  crystalline  fomi,  cannot  thus  be  separated  from 
by  crystallization. 
(71)  Where  the  forces  of  cohesion  and  of  adhesion  are  nearly 
baknced,  as  in  salnrated  solutions,  very  slight  causes  may  ooca- 
NOD  the  force  of  cohesion  to  preponderate ;  and  when  once  tliis 
bf«  hits  Ijeeu  set  in  action,  its  inflnence  spreads  rapidly  through- 
out the  mass.  Water,  for  esamplc,  in  a  still  atmosphere,  may  he 
eoalfd  8  or  10  degrees  below  the  freezing  point,  and  yet  continue 
Squid ;  bnt  the  slightest  vibration  of  the  vessel  causes  eudilen 
crvKtAllization  of  a  portion  of  the  liquid  into  ice.  Sometimes,  as 
in  the  case  of  Glauber's  salt,  the  sudden  admissiou  of  air  to  the 
nlation  of  a  salt  saturated  at  a  high  temperature,  from  which,  by 
loiling,  the  air  has  been  expelled,  produces  a  similar  effect. 

Adhesion  to  a  solid  body  may  he  sufficient  to  disturb  the 
btlanoe ;  thus,  the  dropping  in  of  a  similar  crystal,  the  insertion  of 
ttliread,  or  of  a  wire,  or  of  a  piece  of  stick,  if  not  sufficient  to  cause 
■uildcn  crystallization,  will  generally  determine  the  spot  u[)on 
vhidi  the  crystals  are  first  formed,  especially  if  the  foreign  Iwdy 
cr  nndetig  be  rough  and  irregular  in  its  outline.  For  this  reason 
llreads  are  stretched  across  the  vessels  in  which  the  pure  solution 
of  HtgiT  is  set  aside  to  crystallize  in  the  manufacture  of  siigiir 
andy;  »o  also  wooden  rods  are  placed  in  solutions  of  acetate  of 
copper,  aud  copper  wires  are  suspended  in  solutions  of  borax  in 
Older  to  facilitate  the  crystallization  of  the  salt. 

(7  a)  Circumstances  which  modify  Cryalalline  Form- — The 
Tnlmae  of  crystals  is  often  influenced  by  circumstances  apparently 
tiivial.  Muddy  solutions  generally  yield  the  largest  crystals,  as  is 
»eU  seen  in  the  manufacturing  process  for  obtaining  citric  and 
tutaric  ncids,  where  the  impure  acid  always  forma  the  finest 
cmkd*.  Occasionally  the  presence  of  a  substance  in  the  liquid 
vhicb  docs  not  crystallize  with  the  salt,  yet  modifies  the  form 
the  Utter  assumes;  urea,  for  iustance,  occasions  the  depo- 
of  common  salt  in  octohedra  instead  of  its  usual  form  of 
be. 

The  investigations  of  Pasteur  {Ann.  de  C/iimie,  III,  xlix.  ^) 
e  tlirotrn  an  interesting  light  upon  some  of  the  causes  which 
»  operate  in  modifying  the  form  of  crystals.  The  crystals 
rticularly  examined  by  him  were  those  of  bimalate 
I,  and  of  formiate  of  strontia.  Bimalate  of  ammonia 
the  form  shown  in  No.  i,  fig.  37,  when  it  is  de- 
B  cold  from  a  pure  saturated  solution  of  the  salt ; — a 
kderired  from  a  right  prism  with  a  rhom\)ic  \rase,     ^otoc- 
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times^  however^  the  crystals  exhibit  the  double  bevel  shown  in 
No.  2.     When  the  salt  is  deposited  from  a  solution  containing 

Fio.  37. 


2. 


\E 


products  of  the  decomposition  of  the  bimalate  by  heat^  it  assumes  a  r 
hemihedral  modification,  similar  to  one  or  other  of  those  shown  in  ^ 

r 

fig.  38.     The  bimalate  has  a  ready  cleavage  parallel  to  the  sides  ab  \ 

Fig.  38.  Fio.  39. 
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and  CD.  If  a  crystal  of  the  form  of  i  or  2  be  broken  across  as 
in  fig.  39^  and  be  transferred  to  a  portion  of  pure  saturated 
mother  liquor^  the  bevel  is  rapidly  restored :  it  makes  its  appear- 
ance first  along  the  edges  of  the  cleavage  plane  x  y,  and  the 

growth  of  the  crystal  is  more  rapid  in  the  direo* 
Fio.  40.         tion  perpendicular  to  the  plane  of  cleavage  than 
it  is  in  the  direction  parallel  with  it.  If  the  crystal 
be  cut  at  one  of  its  angles  as  at  a,  fig.  40,  the  notdi 
becomes  rapidly  filled  up^  as  shown  in  the  figure, 
and  when  the  form  of  the  crystal  is  restored,  its 
p*^^   growth  again  becomes  regular  in  all  directions. 
^  The  general  conclusion  to  which  these  obser- 

vations pointy  is, — that  when  a  broken  crystal  it 
replaced  in  its  mother  liquor,  it  continues  to  increase  in  every 
direction;  but  that  its  growth  is  especially  active  upon  the  broken 
surfaces,  in  consequence  of  which  the  general  outline  of  the  figure 
is  restored  in  a  few  hours. 

If  a  hemihedral  crystal,  such  as  either  of  those  shown  in  fig.  3r  ^ 
Ae  placed  in  a  saturated  solution  of  the  pure  bimalate,  the  hemib 
dral  /aces  quickly  disappear,  as  the  artificial  murf  ^Q«b«    On ' 
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'rliand,  ir  perfect  erj'stals  be  placed  in  a  mother  liquid  depo- 
1^:  hfmiihedral  crystals,  the  hemihedral  form  is  speedily  deve- 
i  "]vii  the  newly  introduced   crystals,  the  hemihedral  crystsli 

1^'  iLJi'.-:   rapidly  in  the  direction  of  its  length,  a  b,  whiL 
^  .l-.r  crystal  increases  most  rapidly  in  the   direction  of  il 


i  11  reflecting  upon  this  last  observation,  it  occurred  to  Pasteui 

:  U  he  could  by  mecUautca!  means  compel  a  ci'ystal  to  increas 

e  rajiidly  in  length  than  in  breadth,  he  might  compel  a  pure 

■nja  to  deposit  hemihedral  crystals.      He  accordingly  pasted 

;-  of  tinfoil  over  tlie   sides  of  a   well  formed  crystal   of  the 

^.iualate,  and  having  pro<lnced  cleavage  planes  at   the  two  ends 

iwnllcl   to  A  B,  he  placed  it  in  a  pure  solntion  of  the  binialate; 

••0  tlic  following  day  the  bevels  had  reappeared  along  the  broken 

'■  "-^,30(1  each  of  the  four  solid  angles  of  the  crystal  cshibited  a  hemi- 

r-l  face.     When  the  tinfoil  was  pasted  along  one  edge  only  of 

rystal,  the  hemihedral  faces  were  developed  on  that  side  only. 

173)  Change  of  volume  in  Crysla/lhiiiff. — Some  change  of  bulk 

anally  occurs  at  the  moment  of  soliditiration;  in  many  instances 

eipuuioD  is  produced.      Ice,  for  example,  at  the  moment  of  con- 

platioo,  increases  iu  bulk  about  ^  and  expands  so  forcibly  as  to  ■ 

fannt  llie  vessel  in  which  it  is  contained.      Instances  of  this  occufv 

iariug  severe  frosts  in  the  pipes  used  for  conveying  water.     Thi»-I 

-•pn^JTc  force  is  so  enormous  that  no  vessels  have  been  found 

icntly  etrong  to  resist  it.     The  most  compact  ice  has  a  spe- 

gravity  of  ©"940 :   1000  parts  of  water  at  32°  become  dilated 

^  LriTiing  to  J063.     It  is  owing  to  this  expansion,  which  occurs 

■-:  the  moment  of  solidihcatiou  in   iron   and   Newton's    fusible 

p.td,  that  they  answer  so  admirably  for  castings.     Other  solids, 

,  present  equally  remarkable  instances  of  contraction,  of 

Incicury,  lead,  and  gold  are   illustrations,  and  hence  the 

I  of  the  two  metals  last  mentioned  for  the  purposes  of 

r  tooulditig. 

'ding   to  the  experiments  of  Kopp  (Lielng's  Annal.  1 

;  undermentioned  substances  contract  on  solidiiyiuj 

r  dpaiiaiou  at  the  moment  of  fusion  is  the  following :— 
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melting  point  than  at  lower  temperatures ;  this  Is  parhci 
niarkable  in  the  case  of  wax.  Kopp  also  finds  tliat  i 
draled  salts  expand  at  the  laomeDt  of  fueioa,  as  for  eiampl 
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A  similar  phenomenon  attends  the  melting  of  Rose's  funti 
metal  (i  parts  of  bismuth,  i  part  of  tin,  and  1  of  lead),  which  a 
liqiiefjing,  between  203°  and  308°,  expands  i'5_5  per  cOI 
Iodine,  bromine,  potassium,  sodium,  tin,  and  bismuth,  also  ooi 
tract  nt  the  moment  of  solidification,  and  of  course  expand  ( 
liquefaction. 

(74)  An  interesting  proof  of  the  influence  of  mass  upon  c 
he^ioii  is  sometimes  obser\'ed  iu  the  gradual  conversion  of  su 
crystals  left  in  the  liquid  into  larger  ones.     In  sulphate  of  niefa 

lor  example,  slight  alternate  elevations  and  depressions  of  teaa| 

rature  cause  the  alternate  solution  and  re- cry  stall  itatioo  of  par^ 
the  salt ;  the  smaller  crystals,  which  ofl'er  the  largest  surfaoe  : 
proportion  to  their  mass,  are  most  readily  dissolved,  and  their  • 
lution  crystallizes  again  upon  the  surface  of  the  larger  one*,  wbi 
thus  gradually  iuerease  iu  size,  whilst  the  small  ones  1 
disappear. 

By  the  slow  action  of  solution,  crystalline  structure  mayo 
be  made  visible  where  no  trace  of  it  was  previously  apparen 
The  force  of  cohesion  is  strongest  in  certain  directions,  whii 
depend  upon  the  particular  crj-stalline  form,  and  a  kind  uf  t 
tion  of  the  mass  is  thus  effected.  These  phenomena  may  be  i 
veloped  in  a  striking  manner  upon  the  surface  of  a  tin  plate,  1 
gently  warming  the  plate,  and  washing  it  over  while  hot  with> 
little  weak  acid ;  the  crystalline  forms  thus  displayed  t 
when  the  surface  has  been  varuishcd,  the  ornamented  tin  | 
termed  moirie  m^lalligae.  A  bar  of  uicltcl  placed  in  dilute  I 
acid,  becomes  covered  with  tetrahedra,  from  the  solution  of  ti 
intcrveuing  uncrystallized  portions  of  the  metal ;  and  the  6bni| 
structure  of  the  better  kinds  of  iron  is  thus  strikingly  exhiluU 
Suits  may  be  made  to  show  the  same  kind  of  structure  wtthoa 
having  recourse  to  chemical  solvents.     A  shapelfiitit  block  of  ■ 

■J  placed  iu  a  uearly  saturated  solution  of  the  salt,  bco 
■xiiutU/  embossed  with  jwrtiona  ot  octoVcira,  w  l^\tt.  \\a  tr 
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illmb  «tract«re  is  revealed  to  the  eye.    In  all  tlieae  cases  tlie 

I  of  lie   solvent   mxist  be  very  weak,  otherwise  the  force  of 

Ml  will  act  too  uniformly  :  the  more   s]o\¥ly  the   solution 

I  place,  the  more  clearly  is  this  difference  in  the  atnount  of 

1  different  dircrtiona  of  the  solid  mnnifcBted. — (Dauiell, 

L  Jomra.  of  Science  i.  24,  and  Roy.  Insl.  Journ.  \.  i.) 

\  remarkable  molecular  chauge  sometimes  takes  place  in  bodies 

but  their  nndergoing  any  alteration  fram  the   solid   to   the 

1  state.      Brass  and   silver,  for  example,  when  first  cast  or 

jglit,  possess  considerable  toughness,  and  have   no  apparent 

;  structure ;  by  repeated  heatings  and  eoolings,  however, 

joften  liecome  so  brittle  as  to  snap  oft'  upon  the  application  of 

I"  slight  degree  of  force,  and  the  surface  of  the  fracture  then 

s  «  distinctly  crystallized  appearance.     In  the  same  way  it 

lad   that  constant  vibration,  such  as  that  to  which  the  iron 

■  of  machinery  and  the  ailes  of  railway  carriages  arc  subjected, 

tHy  destroys  the  fibrous  character  to  which  the  iron  is  chiefly 

I  for  its  tougliucss,  and  renders  it  crystalline  and  brittle, 

r  change  sometimes  occurs  io  crystallized  bodies  :  in  this 

lapareut  prismatic  crystals  of  sulphate  of  nickel  or  of  sele- 

lof  BJac,  wheu  exposed  for  a  few  minutes  to  the  sun's  rays, 

pe  opaque ;  they  retain  their  form  until   touched,  and  tlien 

no  doirn  into  a  granular  powder  composed  of  octohedral  par- 

A  somewhat  similar  alteration  occurs  in  barley  sugar,  which, 

I  first   made  from  melted  sugar,  is  vitreous  and  transparent; 

t  gndually  becomes  crystalline,  opaque,  and  brittle. 

B5)  Slructttre  of  Crystals :  Cleavage. — By  the  careful  upplica- 

f  mechanical  force,  crystalline  form  may  be  often  revealed 

Kly  which  at  first   appears  as  a   shapeless  mass.     If  to  an 

r  fragment  of  Iceland  spar,  for  example,  we  apply  the  edge 

ifc,  and  tap  it  gently  on  the  back  with  a  hammer,  we  shall 

n  certain  positions  the  spar  splits  readily,  leaving  smooth 

1,  and  that  having  once  obtained  such  a  surface,  we  may  go 

the  mineral  in  layers  parallel  to  this  surface.     Upon 

\  till!  knife  to  the  surface  of  a  layer  so  detached,  we  find 

1  again  admits  of  cleavage  in  two  directions,  so  that  ulti- 

f  a  rlionibohedral  crystal  is  obtained  from  the  apar.     Some 

I  admit  of  cleavage  with  much  greater  facility  than  others; 

F  often  cleavage  occurs  more  readily  in  the  direction  of 

I  the  planes  than  in  that  of  the  others,     Selenite,  or  sulphate 

pe,  has  three  cleavages,  but  one  of  these  is  much  more  easily 

I  Umui  the  others;  licuce  the  mineral  is  rea4i\j  s^Wt  toVi 
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e  junction  of  two  edges  forms   a  plane  angle ;    and  t 

t  which  three  or  more  plniiea  meet,  coustitutes  a  Jfo/irf  m 

mlanes  are  eaid  to  lie  similar,  when  tlicir  corresponding 

proportional,  and  their  corresponding   angles  equal. 

aimilar,  when  they  are  produced  by  the  meeting  of  pla 

tively  similar,  at  equal  angles ;  and  angleg  are  similar 

are  equal,   and  are   contained  within  edges   respective 

Sometimes  it  happens  that  the  crystal  is  ' 

IFifl.  4a.      all  directions  by  perfectly  equal  and  simil 
A.  is  seen  in  the  cube,  oetohedron,  and  rhoi 

//fXS.      Such  forms  are  distinguished  as  simple  fa 
^LLZA^    those  forma  resulting  from  the  combinatio 
more  simple  ones  are  termed  compound,  o 
I  farms.      A  crystal  of  quartz,  consisting  of 

L  'ip"  ^    prism,  terminated  by  two  six-aided  pyrami 
^^  £/      is   a  compound  form.     In  fig.  41,  2,  is  a 
\r  form,  the   twelve  edges  of  the  octohedr 

being  replaced  by  faces  of  the  rhombic  do< 
Although  each  substance  has  its  own  peculiar  cryst: 
I,  as,  for  example,  alum  tbe  octohedron,  common  salt  the 

^^^bonatc  of  lime  the  rbombohedron,  it  frequently  liappe 
^^^K^egularity  of  the  crystalline  form  is  interfered  with. 
^^^Bkre  often  formed  by  the  replacement  of  an  edge,  or  tlw 
^^^Htif  an  angle.  If  the  twelve  solid  edges  of  the  octohedr 
^^^Bboved,  a  form  intermediate  between  tlie  octohcdrc 
^^^Hrbombic  dodecahedron  would  he  the  result,  such  : 
^^^^41,  a.  If  the  four  solid  angles  of  tbe  tetrahedron  wra 
'  form  intermediate   between   the  tetrahedron  and  I 

would  t)c  obtained  (fig.  41,  3.) 

Ill  the  discovery  of  tbe  simple  form  of  crystal*,  i 
ravage  just  alludtd   to  is  most  valuable;   aud    by 
condary  forms,  which  at  first  sight  present  no  rcsemb 
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ifiiaa),  may  be  readily  traced  to  it.     A  xtriking  i 
intl  IS  afforded  by  the  dcavagc  ot  XV  »x-»w\«.i  4 
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By  cleavage,  the  three  alternate  edges  Fia.  43, 
[the  base  may  he  removed,  and  three  faces  pro- 
],  as  tit  r  r,  fig.  43,  whilst  a  cleavage  similar 
[Id  that  of  the  base  may  be  effected  upon  the  oppo- 
BCtmnity  of  the  prism,  except  that  the  edges 
mnpooding  to  those  that  before  resiatedj  now 
flU,  «nd  that  those  which  at  the  base  yielded  to 
detnge  now  remain  entire.  The  obtuse  rhombo- 
kdroo  is  thus  obtained  by  pursuing  the  dissection, 
Hihown  in  fig.  43. 

(-6)  Goniometers. — Since  the  number  of  geo- 
■ctrical  solids  is  limited,  whilst  the  number  of 
imtallized  bodies  is  very  great,  it  necesaarily  hap- 
pens that  several  different  substances  poasess  the  same  crystalline 
fcnn,  and  the  only  difference  obser\'able  between  them  consists  in 
the  difiercQt  inclination  of  the  planes  to  each  other ;  or,  what  is 
tie  tatne  thing,  in  variations  of  the  angles  of  the  crystal.  In 
order  to  detect  this  difference,  the  crystal lographer  requires  instru- 
ments    for     measuring     these 

Ugle*.      Such   instruments  are  Fio.  44. 

teraicd  goniometers  (from  -vini'ia 
n  angle).  Of  these  the  sim- 
pie«t  consists  of  a  pair  of  double 
the  pivot  of  which 
with  the  centre  of  a 
pidaated  semicircle;  one  limb 
ii  filed,  forming  the  diameter  of 
tie  semicircle,  the  other  is  move- 
tUe  on  the  pivot,  and  crosses  the 
Etcd  limb  at  its  centre,  as  shown 

In  fig-  44-  The  external  limbs  of  the  compasses  are  pressed 
■gaitutt  the  two  planes  of  the  crystal,  the  inclination  of  which  is  to 
tc  meaaured,  so  that  they  shall  accurately  touch  those  planes  in 
dindiuiiE  perpendicular  to  the  edge  at  which  they  meet ;  and  the 
ihemate  and  opposite  angle,  which  of  ( 
'^  the  crystal,  is  read  off  in  the  degrees 
'■  ihc  graduated  arc. 

[77)  Afar  more  elegant  and  accu- 

'c  instrument  is  the  reflecthff  gonio' 

-'■IT   of  Wollaston,    fig.  46.       The 

iidpio  upon  which  it  acts  may  he 

■\.M  exphiined  : — Let  abed  [fig.  43}, 

rrpraMmt  a  ecction  of  the  crystal  to  be 


;  coincides  with  that 
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measured.    A  ray  of  light,  i  r,  reflected  as  at  r  »,  freiSi  tfte 

of  the  crystal,  forms  the  radius  of  the  arc  wliich  is  to  bo  measured. 

One  plane,  a  b,  of  the  crystal,  is   brought   iuto  a  fised  positioo 

I  TFith  regard   to  the   graduated  circle,  and  the  ioclination  of  lh« 

I  two  planes  a  b,b  ci»  ascertained  by  measuring  the  arc  which  the 

graduated  limb  of  the  instnnncnl 

Fio-  ^(>.  describes,  iu   order  to  bring  the 

second  plane,  b  c,  of  the  crystal 

into  the  same  position  as  the  first, 

a   b.     The  svpplemettt,  a  b  c,  vt 

this  arc,  e  c,  measures  the  inclin*' 

tiou  of  the  two  planes.     The  anglo 

may,  however,  be  rend  off  at  once^ 

by  attending  to  the  followiug  in- 

slructious  : — 

The  instrument  (fig,  46)  con- 
sists of  a  brass  disk,  a  b,  sup- 
ported iu  a  vertical  plane,  and  gT»- 
duatcd  on  its  outer  edge  to  half 
degrees.  By  means  of  a  milled 
head,  d,  this  disk  may  be  turned 
round  in  its  own  plane  ;  the  angle 
[  through  which  it  has  been  made  to  turn  is  read  off  by  a  vemieTi 
■  c,  which  is  permanently  fixed.  The  asis,/,  of  the  graduated  circle 
is  pierced  by  a  second  axis,  attached  to  the  milled  head,  e,  wbicli 
is  intended  to  give  rotation  to  tbe  parts  supj)orting  the  cryBtal, 
independently,  when  necessary,  of  the  movements  of  the  graduated 
circle,  a  b, 

"  To  use  the  goniometer,  it  should  first  be  placed  on  a  p]nn> 
midal  staud,  and  the  stand  ou  a  small  steady  table,  placed  about 
NX  to  ten  or  twelve  feet  from  a  J!al  window.  The  graduated  cir- 
cular plate,  a  b,  should  stand  accurately  perpendicular  from  tbo 
wiudow,  the  pin,  A  i,  being  horizontal,  with  the  slit  end,  t,  nearest 
the  eye.  Place  the  crystal  which  is  to  be  measured,  on  the  tabl^ 
resting  on  one  of  the  planes  whose  inclination  is  reiiutred,  ancl 
with  tbe  edge  at  which  those  planes  meet  the  farthest  firom  you, 
and  parallel  to  the  window  in  your  front.  Attach  a  portion  oC 
wax  to  one  side  of  the  small  brass  plate,  g :  lay  the  plate  on  tliB 
table  with  one  edge  parallel  to  tbe  window,  the  side  to  which  tbe 
vaK  is  attached  being  uppermost,  nud  press  the  end  of  the  mx 
against  the  crj'stal,  k,  till  it  adheres;  then  lift  the  plate,  with  its 
I  attached  crystal,  and  place  it  in  the  ^lit  of  the  pin,  A  t,  with  thai 
I  side  uppermost  which  rested  ou  tic  table. 
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e'^e  now  ao  near  the  crystal,  as,  without  perceiv- 
crysUd  itself,  to  permit  your  observing  distinctly  the 
f  o><jrcts  reflected  from  its  planes;  and  raise  or  lower 
tut  cod  of  llie  pin  which  has  the  small  circular  plate,  A,  attached 
to  it,  unlil  one  of  the  horizontal  upper  bars,  m,  of  the  window  is 
•ra  rctiected  from  the  upper  or  first  plane  of  the  crystal,  and  till 
'•*  iiDsgc  of  the  bar,  w,  is  brought  nearly  to  coincide  with  some 
I  c,  /,  beiow  ihe  window  ;  as  the  edge  of  the  akirtiiig-board  where 
'^  joius  the  floor.  Turn  the  pin,  h  i,  on  its  own  axis,  if  ne- 
oenary,  until  the  reflected  image  of  the  bar  of  the  window  coin- 
odia  accurately  with  the  observed  line  below  the  window.  Turn 
uw  the  small  circular  plate,  e,  on  its  axis,  and  from  you,  until 
jmt  obecrrc  the  same  bar  of  the  window  reflected  from  the  second 
pUne  of  the  crystal,  and  nearly  coincident  with  the  line  below  ; 
ud  brnviug,  iu  aiijusting  the  first  plane,  turned  the  pin  on  its  a^tis 
to  htt&g  the  reflected  image  of  the  bar  of  the  window  to  coincide 
Ktmiely  witli  the  line  below,  now  move  the  lower  end  of  that 
I  Imteraily  cither  towards  or  from  the  instrument,  iu  order  to 
e  the  image  of  the  same  bar  reflected  from  the  second  plane 
B  with  the  same  line  below. 

aasured    yourself,    by  looking  repeatedly  at  both 

\  the  image  of  the  horizontal  bar  reflected  successively 

Wh  coincides  with  the  same  line  below,  the  crystal  may  be 

1  Its  adJDsted  for  measurement.     Let  the    180°   on   the 

^rwlaated  circle  be  now  brought  opposite  the  0°  of  the  vernier,  by 

.ndBg  Ihe  middle  plate,  d,  and  while  the   circle   is   maintained 

;- rurately  in   this   position,  bring  the  reflected  image,  n,  of  the 

'  If, «,  from  the  first  plane,  to  coincide  with  the  line,  /,  below,  by 

-niing  the  small    circular  plate,   e.      Now  turn  the  graduated 

••j-dt  from  you,  by  means  of  the  middle  plate,  d,  until  the  image 

'i  ihe  bar  reflected  from  the  second  plane   is  also   observed   to 

wiiacidt;  with  the  same  line."     (Urooke's  CrystaUoyraphy,  p,  30.) 

U  ihu  po&ition,  tlie  reading  of  the  vernier  gives  at  once  the  in- 

^-aHioD  of  the  two  planes  to   each  other.     It  is   almost  auper- 

uiios  to  remark,  that  the  reflecting  goniometer  can  only  be  ap- 

■'  •■■•  f:i5c3  in  which  the  surfaces  of  the  crystal  have  sufficient 

:  brilliancy  to  reflect  the  image  of  the  line  by  means  of 

;iuglc  is  read  ofl'. 

••ymmtlrg  0/  Cryatatline  Form. — ^Tlie  study  of  the   geo- 

i<-latioiia  of  different  crystalline  forms  to  each  other  be- 

■'■■<'  Mncncc  of  crystal lograpliy.     It  will  be  sufficient   for 

{  purpose  to  indicate  the  general  princiy\c  u^w  \!\\\Oft. 

aiOicw  afcr/atals  ia   founded.      This  pniic\iij\c  \s   \)&s  ^ 
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Ef  mmctrical  Birangeinent  apon  vhich  every  crystallhie 
constructed.  Symmetrj,  or  a  complex  auiformity  of  coD6gunti 
(that  is,  similarity  in  the  arrangetaeot  of  t»o  or  more  cor 
epoDding  forms  round  a  common  centre),  is  the  general  law 
creatioii,  both  ia  the  vegetable  and  animal  kingdoms.  It  is 
bited  in  the  correspondence  in  external  form  of  the  right  iind  Id 
side  of  the  body  in  animals,  in  the  similar  arrangement  of  the  iM 
on  either  side  of  ita  midnb,  in  the  two  lobes  of  the  dicotyledonoii 
seed,  and  indeed  it  attracts  the  notice  of  every  observer  in  otiil 
berlces  cases.  The  same  law  holds  good  still  more  rigidly,  thon^ 
not  so  obviously,  in  the  congtitution  of  every  crystal.  If  one  d 
the  primary  planes  or  axes  of  a  crystal  be  modified  in  any  mwtu 
by  molecular  forces  acting  \Titbiu  the  liquid  or  the  crystals,  all  ih 
symmetrical  planes  must  be  modified  in  the  same  manner. 

The  imaginary  line  which  thus  governs  the  figure,  aad  aboD 
which  all  the  parts  are  similarly  disposed,  and  with  reference  ll 
which  they  correspond  exactly,  is  termed  the  ajnji  of  aymmetry  h 
a  crystal.  If  a  rhomhobedron  of  Iceland  spar  be  held  with  on 
of  its  obtuse  angles  uppermost,  the  vertical  line  which  joins  thl 
angle  to  the  opposite  obtuse  angle  is  the  &Tiis  of  symmetry  of  ^ 
crystal.  Each  extremity  of  the  axis  is  formed  by  the  meeting  < 
three  planes,  each  similar  to  the  others,  and  all  iucliued  to  til 
axis  at  an  equal  angle.  If  any  internal  molecular  force  prodw 
the  replacement  of  any  of  the  edges  of  one  of  those  faces,  ll 
same  cause  must  act  with  similar  intensity  npou  the  corrcspondu 
edge  of  the  other  faces,  and  produce  a  corresponding  modi 
The  variation  thus  introduced  in  the  form  of  tlie  crystal  baa 
symmctricai  character ;  and  the  alteration,  which  is  experienced  1 
each  of  the  three  divisions  of  which  the  crystal  consists,  ia  coni 
quently  similar  in  each  case. 

There  arc,  however,  crystals  that  possess  more  than  one  ai 
of  symmetry  i  and  an  arrangement  of  crystalline  form,  first 
posed  by  Weiss,  and  which  is  now  universally  adopted,  is 
upon  the  relation  vihich  these  axes  bear  to  each  other, 
axes,  it  must  be  remembered,  are  imaginary  lines,  which 
the  opposite  angtcs  or  faces  of  a  crystal,  and  all  of  them  inl 
each  other  in  the  centre  of  the  figure.  In  the  regular  system. 
which  the  cube,  the  regular  octobedron,  and  rhombic  dudccahaoH 
belong,  there  are  three  axes,  which  are  all  equal,  and  cross  ciicb  oil 
iu  the  centre  of  the  crystal  at  riglit  angles.  If  one  of  the  face* 
edges  upon  uiiy  of  these  equal  axes  tie  modified,  not  only  are  all  I 
iacra  or  edges  upon  that  axis  vimilarly  modified,  but  all  the  &i 
I  boo'  ecJgcM  of  the  entire  cryfttoi  cxjeneiw*  a  6vuu\m 
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i;  tliB  symmetry  of  all  the  axes  is  alike,  and  the  molecular  moili- 

:jS  force  acts  equally  upon  all.     But  this  rule,  though  of  very 

i-nt!  application,  is  not  without  esccption.       If,  for  instance,  a 

"it«l  rest  upoo  one  face  during  its  formation,  the  mechanical 

■'jurle  to  its  symmetrical  development  is  frequently  the  cause  of 

-iderable  interference  with  the  regular  growth  in  this  direction, 

■■:  !lii»  inifrference  docs  not  operate  npon  the  upper  and  exposed 

in.     This  interference  of  causes  external  to  the  crystal  is  very 

■i':r»Ily  observed  in  crystalline  maaaes  artificially  obtained  (72}. 

■-■  cr;*lals  of  which  the  mass  ia  composed  crosa  each  other  in  all 

,  EiTtions,  and  form  a  confused  structure,  from  the  surface  of  \vhich 

[■-ct  iiMiIated  crystals,  one  extremity  only  of  which  is  developed 

^iilarly. 

Some    crystals   assume  forma  termed  pseudomorp/ious   (from 

:  s  falsehood,  fiop^n  form)  ;  that  is  to  say,  they  exhibit  forma 

not   truly    related   to    their    own    crystalline    system. 

h  paendomorphous  crystals  arc  formed  by  dejiosition  in  cavities 

f  occupied   hy  crystals   of  a   different  nature,  but  which 

1  slowly  dissolved  out  of  the  mass  in  which  tbey  were  ia- 

,  Icftring  spaces  corresponding  to  their  form  ;  and  during  the 

■  aftlic  solution  of  the  original  crystal,  or  after  its  comple- 

e  new  compound  has  gradually  taken  the  place,  and  adapted 

»  the  form,  of  the  crystal  which  has  undergone  removal. 

I  Cla»»ificalion  of  Ci-ystaU. — Crystals  are  subdivided  into 

s  or  systems,  founded  upon  the  relation  of  their  axes  of 

y  to  each  other.    These  relations  exert  an  influence  not  only 

i  geometrical  connexion  of  the  forms  of  the  crystals,  but 

n  their  optical  and  physical  properties.     It  is  necessary  in 

I  crystalline  forms,  the  relations  of  which  are  often  very 

■siXxA,  always  to  place  the  crystal  in  a  defluite  position.     It 

e  found  most  convenient  to  place  the  principal  axis  in  a  ver- 

1  fGrcction.     The  observance  of  this  rule  greatly  facilitates  the 

f  the  comi>ound  with  the  simple  forms. 

t  six  classes  into  which  crystals  are  subdivided  are  the  fol- 

— lat,  the  Regular  or  Tessnlar   system;    and,  the  Riglit 

t  prinmatic,  or  Pyramidal;    3rd,  the   Rhombohcdral ;   41b, 

umatic ;  5tli,  the  Oblique ;  6th,  the  Doubly  oblique, 

.  Itu  Regular,  at  Tessular,  or  Cabic  System,  ia  characlerized 

1  axes,  a  a,  a  a,  a  a,  figures  47,  48,  49,  around  which 

«arc  symmetrically  arranged  ;  tbey  cross  each  other  at 

Crystals  belonginn-  to  this  system  expand  ei\\va\\^  i.n 

*  wbea  he&teti,  and  refract  light  simply.      t\ie  mo&X. 

"  ■  ofaiiuph  forma  arc  the  cube,  a»  alwwn  m  ft^Qi 


I 


no 
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spar,  common  salt,  and  iron  pyrites  (fig.  47,  i) ;  the  octohe 
(fig.  47,  5),  exemplified  bjr  alum  and  magnetic  iron  orej 
tetrahedron  (fig.  49,  3),  sometimes  seen  in  copper ;  and 
rhombic  dodecahedron  (fig.  48,  3),  as  in  the  garnet  and  sulphi< 
cobalt.  Upon  the  geometrical  relations  of  these  forms,  a  si 
instance,  showing  one  of  the  simplest  cases  of  such  a  connei 
will  suffice  1 — 

From  the  cube  may  readily  be  deduced  the  three  other  a 
forms  of  the  regular  system.  By  truncating  each  of  the  eight  1 
angles  by  planes  equally  inclined  to  the  three  adjacent  fiuses  ol 
cube,  we  obtain  the  oetoh^dron,  in  which  the  three  axes  of  the  1 
terminate  in  the  six  solid  angles  of  the  figure,  one  of  which 
sequently  corresponds  to  the  centre  of  each  side  of  the  cube. 
^8-  47-)  1^^  faces  marked  0  are  those  of  the  octohedron. 
Flo.  47- 


FuBSge  of  the  Cnbe  to  the  Octohedron. 
By  replacing  each  of  the  twelve  edges,  d  d  d,  of  the  cube, 
arrive  at  last  at  the  rhombic  dodecahedron.     (Fig.  48.) 
Fio.  48. 


Amv*  of  dba  Cnlw  to  ihs  DoftcQ^kc&icn. 
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^ 

y 

lacatiug  iTie  nlternate  angles,  /  /,  we  obtain  tlie  lelrahM 
•  ahono  in  Eg.  49. 

Fio.  49- 


w 


Passage  of  tlte  Cube  to  the  TetraheJroa. 

thedral,  or  Holohedral  forms,  are  those  which,  like  the 

]  octohedron,  possess  the  highest  degree  of  symmetry  of 

Rthe  system  admits.     Hemikedral  forma,  on  the  other  haQd, 

!  tlioAo  which  may  he  derived  from  a  holohedral  form,  as  the 

tttrahedron  is  from  the  octohedron   (fig.  41),  or  from  the   cube 

V  49),  by  BUpposing  half  the  faces  of  the  holohedral  form  omitted, 

:^  alternate  angles  or  edges  replaced,  according  to  a  certain 

Ag^n,  if  half  the  faces  of  a  heinibedral  crystal  be  omitted, 

frtohedral  form  is  the  result. 

relations  will   be  readily  traced,  even  by  those  unao< 
1  with  geometry,  by  cutting  out  two  or  three  cubes  in  soapj 
c  other  sectile  body,  and  paring  dowa  the  angles  or  edg( 
I  manner  above  described. 

k  a  similar  manner,  by  inserting  wires  into  F'O-  5°- 
pie  (fig.  jo),  we  may  represent  to  the  eye 
Bction  assumed  by  each  of  the  axes  of  a 
;  and  by  winding  a  piece  of  striug  round  each 
if  the  wires,  and  stretching  the  thread  across 
J  to  another,  the  outline  of  an  octo- 
ta  bdonging  to  any  of  the  systems  is  readily 

I  The  Right    Square  Prismatic,  or  Pyramidal  System. — In 

^ttcm  there  are  three  axes,  all  at  right  angles  to  each  other, 

»  only,  a  a,  a  a  (fig,  51),  are  equal ;  the  tliird,  c  c,  being 

I  longer  or  Hhortcr  than  the  others.     Generally  there  is  no 

■  idaUon  between  the  len^b  of  this  axis  and  that  of  the 

Expausiou  by  heat  is  equal  in  two  directions.     The 

b  of  this  system,  as  well  as  those  of  the  fuur  other  systems 

I  dcKribed,  exert  double  refraction  on  light,  and  have  Qa\'^ 

m  tit  aagh  refraction  (iii,  113.) 

wfiODtipal  varieties  of  this  syslem  may  be  nlCl^l\ol\c4  ■,  t"so 
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priams  with  a  squ&re  base,  and  tiro  octohedra.     The  pruma  diBet 

from  each  other  accortliog  as  the  equal  axes,  a  a,  a  a,  terminate  in 

tlie  angles  of  the  base,  as  seeu  in  fig.  51,  1 ;  or  in  the  sides  of  the 

Fio.  51. 


f<^>\ 


Fjramidtd,  or  Aight  square  Prismatic  Sy atem. 
base,  as  at  2.    Similar  differences  exist  in  the  two  octohedra.   The 
octohedron  is  said  to  be  direct,  when  the  axes  end  in  the  angles, 
— inverte,  when  they  end   in  the  edges.     3   representa  a  right 
square  prism,  the  axes  of  which  terminate  in  the  sides  of  the  crys- 
tal.    In  4,  the  axes  terminate  in  the  edges  of  the  prism ;  5  is  the  ' 
direct  octohedron,  with  its  axes  in  the  solid  angles ;  6,  tbe  inverse 
octohedron,  with  the  axes  in  the  edges.     To  this  system  belon|  ' 
ferrocyanide  of  potassium,  cyanide  of  mercury,  oxide  of  tia,  and  ; 
anatase. 

In  consequence  of  the  absence  of  any  fixed  relation  in  length 
1>etween  the  principal  axis,  c  c,  and  the  other  two  axes,  iu  the  four 
different  prismatic  systems,  these  prisms  may  vary  in  length  inde- 
finitely. In  some  cases,  the  axis,  c  c,  is  so  short  that  the  crystal 
assumes  the  form  of  a  flattened  plate,  when  it  is  said  to  be  a  tabular 
crystal ;  at  others  it  forms  a  long  prism  of  indefinite  length.  Even 
iu  the  octohedron  of  the  various  prismatic  systems,  the  principal 
axis,  c  c,  is  not  always  of  the  same  length  tn  the  tame  compmmd; 
though  in  these  various  octohedra,  the  axis,  c  c,  always  bears  some 
simple  ratio  in  length  to  those  of  the  other  octohedra  of  tlie  same 
body. 

3.  The  Rhombohedral  System. — In  this  system  there  are  fbur 
axes ;  three  of  them,  a  a,  a  a,  a  a,  are  of  equal  lengths,  are  situated 
in  the  same  plane,  and  cross  each  other  at  angles  of  60";  whilit 
the  fourth,  c  c,  is  perpendicular  to  these,  and  may  vary  in  lengUu 
The  crystals  of  this  class  produce,  in  a  very  marked  manner,  tha 
eflfects  of  double  refraction  on  light.  They  have  one  axis,  e  e,  of  j 
single  refraction;  and  by  the  application  of  heat  expand  equaDv^ 
in  two  directions.  In  this  system  the  principal  forms  (fig.  52)  « 
i£e  bi'pyramidai  dodecahedron,  3,  (of  which  there  are  two  vatietii 
according  as  tbe  axea  terminate  in  the  u&es  oS  \^\iaae,  \,>«\mu 
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an  mrerso  dodecahedron ;  or  in  its  angles,  2,  when  the 
dodecahedron  is  said  to  be  direct ;)  the  rhombohedron,  4,  and  the 
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Bhombohedral  Sfstem. 
si-nded  prisia,  5,    Of  each  of  these  forms  there  are  likewise  two 
ttrietka,  depending  upon  the  position  of  the  axes.     4  is  an  in- 
*me  liiombobedron.     Ice,  quartz,  beryl,  Iceland  spar,  and  nitrate 
of  loda,  belong  to  this  system. 

Rgure  53  represents,  in  one  view,  the  manner  in  which  the 
forms  in  each  of  the  first  three  systems  can  be  described 
the  crystallographic  axes.  1  exhibits  the  octohcdron  iu- 
in  the  cube;  2  shows  both  varieties  of  the  octohcdron  and 
■qiure  pmcn ;  3  the  six-sided  prism,  containing  the  rhombo- 
uid  tbe  bi-pyramidat  dodecahedron. 

Fi»,  S3- 


Tfcc  relations  of  the  first  three  systems  are  simple,  and  easily 
^ntti;  the  other  three  systems  are  more  complicated,  owing  to 
-(  rsncty  introduced  by  the  irregular  lengths  and  obliquities  of 

4.  The  Right  Rectangular  Prismatic,  or  Prisinatic  System. — 
oyttala  of  this  system  have  three  axes,  a  a,  b  b,  c 
'.  i^bt  sn^es  to  each  other ;  they  are  all  unequal, 
DO  aiispJe  proportion  w  length  to  each  other. 

I  V  remsming  systems,  the  ciystnU  expand  1 


Prisinatic  System. — 

a  a.bb.cc  (fig.  54),  ^ 

unequal,  and  usually  fl 

)ther.     In  t\\\a  Uidi'Mi  H 

and  unei^imW^  Ai^  ftub  I 

^  ^  I 
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application  of  heat,  in  tlie  tliree  directions  of  these  axes ;  and  th^ 
have  two  axes  in  which  there  is  no  double  refraction. 

The  principal  varieties  of  the  prismatic  Bystem  are  the  right 
octohedron  with  a  rhombic  base  (fig.  54,  4),  or  right  rhombu 
octohedron ;  and  the  right  piism  with  a  rhombic  baae,  or  right 
rhombic  prism,  5.  Both  these  figures  have  a  rhombic  base,  i ;  tba 
axes  termioate  in  the  solid  angles  of  the  octohedron,  aod  in  Uts 
edges  of  the  prism.  Owing  to  the  inequality  in  the  lengths  of 
Fia.  54. 


I<^>I 


Frumfttio,  or  Kigtt  B«otangiiIar  Frinnatio  Sjitem. 
the  axes,  the  sections  of  the  octohedron  through  a  b  a  b,i,c  a  eo, 
2,  and  e  b  c  b,  2,  though  all  rhombic  in  form,  are  each  different 
in  dimensioDs.  The  faces  of  the  octohedron  are  all  similar,  bnl 
the  length  of  each  side  of  its  triangular  feces  is  different.  To  thil 
class  belong  nitre,  aragonite,  topaz,  sulphate  of  baryta,  and  sulphni 
obtained  by  evaporation  from  bienlphide  of  carbon. 

5.  7^£  Oblique  System. — The  three  axes  of  this  syntem  tn^ 
all  he  unequal  in  length ;  two  of  them,  c  c,  a  a,  cross  each  othei 
obliquely  (fig.  55,  2) ;  the  third,  b  b,  is  perpendicular  to  both  the 
F18. 55. 


Obliqne  System. 


others ;  generally  then  is  no  simple  proportion  between  the  lengtb 
of  the  differcut  axes.  The  principal  forms  are  the  oblique  octa>> 
hcdron  with  a  rhoiuluc  base,  4,  and  the  oblique  rhombic  prism,  ^ 
in  both  of  which  the  axes  are  in  th<>  angles  of  the  cryataL  Us 
base  of  the  figure  in  each  case  is  a  rhomboid,  i,  in  which  the  uMl 
»a,hb,  cross  each  other  at  right  angles.  Id  the  octohedion,d 
atetiiui  throogh  the  two  ofaUqaa  ixes.  «  ■,  e  e,  a,  is  also  a  r 
boidt  the  uu^  c  i;  efOMSi  the  Aoid  mm,  h  h, ' 


— IBOMOBPHttH.^ 

tion  tliroQgli  these  axes   produces  the  rhomboid  shown 

i  octobedron  of  this  system  is  not  perfectly  aymmetrical, 

e  sides  forming  its  triaogutar  faces  are  unequal  in  length, 

■  &CC8  are  of  two  kinds.     The  two  upper  front  faces  of  4, 

[  correspond  to  the  two  lower  back  faces,  and  the  other 

alike.     Besides   the  oblique  rhombic  oetohedron, 

!  three  forms  of  the  ohhque  rhombic  prism ;  the  kind  of 

J  defined  by  the  axis  with  which  the  long  axis  of  the 

jtwra  coincides.      Sulphate   of  soda,  phosphate  of  soda,  sulphur 
il.iied  by  fusion  and  slow  cooling,  borax,  and  sulphate  of  iron, 
'  vamples  of  crystals  belonging  to  this  class. 
■ .  The  Dtmbly  Oblique,  or  Anorthic  System. — In  this  system  all 
Fig.  56. 


Doubly  Obliqae,  or  Anorthic  Syitem. 

f  the  axes  are  unequal  in  length,  and  all  cross  each  other 

The  principal  varieties  are  the  doubly  oblique  octohe- 

Sg.  j6,  3),  the  base  of  which  is  seen  at  i,  and   the  doubly 

K  prism,  3.    The  octobedron  is  not  symmetrical  in  its  form. 

r  upper  faces  are  all  unlike,  but  each  face  corresponds  to 

r  face  which  is  parallel  to  it.     Sulphate  of  copper  and 

B  of  bismuth  belong  to  this  class,  which,  however,  contains 

itirely  few  substances.     Some  of  the  varieties  of  crystalline 

KwUcb  it  includes  are  very  complicated,  and  ditlicutt  to  detinc. 

Isomorphmm — Dimorphism — A  Uo  tropy . 
Id)  Owing  to  the  comparatively  small  nuralrer  of  forms  which 
I  to  the  regular  system,  and  to  the  perfect  symmetry  which 
a  them,  it  necessarily  happens  that  a  variety  of  bodies, 
HiiiiUr  in  properties  and  in  chemical  composition,  assume 
e  forms  which  are  not  distinguishable  from  each  other,  since 
e  exactly  in  their  angular  measurements.    For  example, 
tfl,— carbon,  gold,  and  copper,  and  the  compounds, — sul- 
of  lead,  bisulphide  of  iron,  fluor  spar,  alum,  and  spiiiellc, 
I  cubes  or  octoheAra  which  perfectly  rescmHe  eac\v 
\jtt  these  mbataaces  present  no  resemblance  to  eacV  OXVet 
«  or  ia  cbemiad  composition. 


Crystals  which  belong  to  the  other  systeros,  however, 
so  frequent);  present  this  exact  similarity  in  form :  for  though 
may  crystallize  in  similar  prisms  or  octohedra,  yet  a  mcasurei 
of  the  angles  nill  suffice  to  show  considerable  difTereucea  in 
length  of  the  axes,  and,  in  the  case  of  the  two  oblique  isystenii 
the  inclination  of  the  axes  to  each  other.  But  in  these  eysb 
likewise,  as  well  as  in  the  regular  system,  oases  occur  in  whid 
exact,  or  almost  exact  identity  in  crystalline  form,  even  in  t 
rcapects,  is  found.  In  the  larger  number  of  these  instance) 
Mitscherlich  has  proved,  the  chemical  composition  of  the  BubsUi 
which  thus  correspond  in  form  is  analogous.  Bodice  which  po 
this  similarity  in  form  are  termed  uomorpkoua.  The  term  iaoi 
phons,  etymologically  considered,  means  equal  or  similar  in  ft 
but  it  is  by  most  chemical  writers  restricted  to  such  aubstaoot 
exhibit  not  only  similarity  in  form,  but  at  the  «amc  time,  the  i 
logy  in  their  chemical  composition  just  alluded  to.  The  dian 
{CJ,  magnetic  oxide  of  iron  (FeO,  Fefi^)'  ^^  ^l"""  (^O,  S 
AljOg,  3  SO^  +  24  Aq),  all  crystallize  in  octohedra,  yet  they  are 
usually  cited  as  instances  of  isomorphism :  but  the  spinelle-i 
(MgO,  AlgOj,),  magnetic  oxide  of  iron  (FeO,  FcjOg),  and  clu 
iron  ore  (FeO,  CfjOj),  not  only  crystallize  in  the  same  forto, 
have  a  constitation  perfectly  analogous,  and  are  therefore  ( 
jsomorphous.  Mitscherlich,  indeed,  eudeavoured  to  shoir 
crystalline  form  is  independent  of  the  chemical  nature  of  the  ati 
and  that  it  is  dctemiined  only  by  their  grouping  and  rehtivs  | 
tion ;  the  same  number  of  atoms  combined  in  the  same  nay,  all 
producing  the  same  crystalline  form. 

This  statement  is  not  strictly  true :  the  elementary  bodies  I 
by  no  means  all  of  them  the  same  crystalline  form;  and  it  is  ft 
that  even  when  the  chemical  constitution  is  the  same,  though  t 
may  frequently  be  a  close  similarity  in  the  form  assumed,  J 
careful  measurement  of  the  angles  indicates  differences  in  the  In 
or  inclination  of  the  axes.  For  example — ^the  carbonates  of  liiB 
manganese,  of  magnesia,  of  iron,  and  of  einc,  all  cryatalliil 
rhoml)ohedra ;  but  the  corresponding  angles  of  these  several  crji 
are  all  different,  as  the  following  table  shows : — 


Calcareous  spar     .     ,     . 

CaO, 

CO, 

.05° 

s 

Carbonate  of  manganese 

MnO 

CO, 

100° 

5'' 

Carbonate  of  iron 

I'eO, 

CO, 

107° 

0' 

Carboante  of  magnesia    . 

MgO 

CO, 

.     ,07° 

«■ 

Carbonate  of  Kiuc       .     . 

ZnO 

CO, 

.07°. 

M 

TLme  difference*  arc  Lb  all 

b-  -1. — ,  ■— 5 

proWViUvXy  ^unidi^  4 

1 
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UT 


iBccryBiaffine  arrnngement  of  the  elementary  motecules 
he  coraponcHls,  midj  as  Kopp  has  shown,  in  the  atomic 
ijiace  occupied   by   these   ultimate  molecules.     The 
liof  nclalllc  zinc  and  iron,  for  instanccj  belong  to  different 
B,»o  Ihsl  it  is  not  surprising  that  aome  difference  Bhould  be 
1  Id  the  form   of  their  corresponding  compounds ;  and  if 
Slicb's  law  he    confined    to    compound   bodies,  these  very 
M  which  have   been  supposed   to  militate  against  it  will 
Id  be  remarkable  corroborations  of  its  truth,  as  they  show  that 
!r  Hiid  colloc^ation  of  the  atoms  may  overcome  the  tcn- 
J  of  wme  of  the  atoms  of   the    elementary  components    to 
It  different  forms.     It  also  shows,  moreover,  that  it  is  unsafe  i 
Mmorphism  in  the  elements  simply  from  the  occurrence! 
rpbisra  in  the  compounds  which  they  yield. 
~  s  discovery  of  the   coincidence  of  similarity  in   crys-  I 
with  similarity  in  chemical  composition,  is  one  of  the  f 
SDt  generalizations  yet  arrived  at  in  the  science  of  I 
jsjihy.     It   has  rendered  great  service  to  chemistry  by  f 
g  the  classification  of  compounds,  and  it  has  often  called 
ostinjogies  in  composition  which  might  other»ise  have 
wked.     In  determining  the  chemical   equivalent  of  s 
«  it  is  also  frequently  of  essential  value ;  but  its  applica- 
e  purposes  will  be  more  advantageously  examined  at  a 

>  wliich  approach  each  other  thus  closely  in  crystalline 
n  occur  mixed  together  in  variable  proportions  in  regu- 
itsllized  minerals  (+64).     Such  isomorphous  compounds 
p  be  Kparated  by  the  method  of  crystallization.     Indeed,  it   ' 
KpoBJble  to  obtain  crystals  consisting  of  alternate  layers  of 
li  isomorpbous  salts,  if  they  have  nearly  the  same  degree  of   ' 
a  water.     An  octohedral  crystal  of  ordinary  alum,  foe 
if  transferred  to  a  solution  of  chrome  alum  (a  compound 
I  with  ordinary   alum,  and  which  differs  from  it   in 
g  two  atoms  of  chromium  in  the  place  of  two  atoms  of 
un),  will  continue  to  increase  in  size  regularly,  and  a  layer 
salt  will  be  deposited  on  the  common  atura.     If 
J  be  transferred  again  to  the  original  solution  of  alum,  a   | 
ir  of  colourless  alum  will  be  formed  upon  the  chromium  J 

0  on  in  succession. 

« namber  of  metallic  oxides   are  found  to   be  iaomor- 

1  united  with  the  same  acid.     For  instance,  the  aul- 
•a,  of  oxide  of  copper,  of  oxide  of  zinc,  ot  'ptol- 

,  cf  oxide  of  nickdj  of  oxide  of  cobalt,  ol  oiv^  iA 
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manganese,  and  of  ox.ide  of  cadmium,  all  crystallize  in  (w 
forms.  The  isoniorpbism  of  many  acidfe,  when  united  with 
»ame  base,  such  as  potash  or  soda,  is  not  less  evident :  Rulpb 
seleniate,  chromate,  and  mangauate  of  potash,  all  have  the  ■ 
form ;  and  the  isomorphism  of  the  corresponding  phosphatei  I 
arseniates  of  soda  is  equally  striking. 

(82)  The  following  table  exhibits  some  of  the  more  impcut 
of  the  groups  iu  which  the  existence  of  isomorphism  has  bi 
distinctly  ascertained : — 

1S0M0RPHOU9    GROUPS. 

{A.)  EUmeaU. 


Diamond 

Silver 
Gold 


Arsenio 
Antirnonj 


Alumina      .    .    .    .  AI,  0, 

Seaquioiide  of  Iron  .  Fp,  O, 

Oiide  of  Chromium ,  Cr^O, 

llmeiiit« FeTi,  O, 


Arieniona  Acid    .     .     AiO, 
Teroiide  of  Antimony    SbO, 


Jcid*  in  Combination,  t 


MatcnHia 

Lime  (in  Calc  Spar)  . 
Zinc  (Oxide  of)  .  . 
CMJmiam  Do.  .  .  . 
Iron  (Protoxide  of)    . 


CrO, 
MdO, 


MkO 
CbO 
ZnO 
CdO 
FeO 


Polatiiiim-eompound*  ^ 

Clilorino EQ 

Iodine KI 

Bromine EBv 

Fluorine KFl 


MoljbdioAcid    .    .    .    HO, 

Tungslic -WO, 

Cliromio  (in  the  QIi-  \ 
uiuol  Torm  ofCUro-  >     CiO, 

mate  of  lend)  J 


Perelilorio  Acid  .     . 
P«>rmangauii;  Acid  . 


™\. 


MongaoMo  (Protoxide  o()  . 

Cobnlt    ,    ,      Do.  ..    .  . 

Nickel    .    .      Do,  ".     .  . 

Copper    .    .     Do.    .    .  . 


H^inganite)   . 


SrO 
C«0 
PbO 


.  Ka.PlCL 
.  KOI.  OsCL 
.  KCl.  IrCI, 


Potaah KO 

Oxide  of  Ammomum    .    .    H.NQ 


Alamiiift     ......    Al,  OA 

Seaquiozide  of  Iron  ..." 
Seaqnioxide  of  CUromium . 
Beiquioiide  of  Manganese    Mn,  ( 


(83)  dimorphism. — Another  very  remarkable  fact    connected 

li  CTBUllixation   has  been  observed   in  a  few  bodies.     Some 

>|,  sulphur,  for  example,  are  capable  of  assuming  two  dis- 

if  forms,  according  to  the  temperature  at  which  the  crystals 

ft  produced.      Sulphur,  as  it  is  found  crystallized  in  nature,  or 

B  obtained   by  the  spontaneous  evaporation  of  its  solution  in 

■Iphideofcarbou  or  in  chlorideof  sulphur,  is  deposited  in  the  form 

pottohedra  with  a  rhombic  base,  which  is  one  of  the  forms  of  the 

hnjirismatic  system.     When  obtained  by  the  slow  cooling  of 

Kited  mass  of  sulphur,  beautiful    amber-coloured  prismatic 

1  are  obtained,  belonging  to   the  5th,  or    oblique   system. 

B  ohliqae  prisms,  in  the  course  of  a  few  days,  at  the  usual 

;>beric  temperature,  become  opaque,  lose  their  cohesion,  and 

idually  converted  into  a  congeries  of  octohedra.     A  similar 

e  i*  produced  in  the  octohedral  crystals  by  exposing  tliera  for 

•-\i  time  to  a  heat  of  about  230°,  but  the  opacity  is  in  this  case 

:  to  the  formation  of  prismatic  crystals.      The  crystalline  axes 

E  two  forms  differ,  and  consequently  the  crystals  belong  to  _ 

bat  systems.     Bodies  capable  of  thus  assuming  two  form 

nolly  incompatible  are  said  to  be  dimorphous. 

utj  other  instances   might  be   mentioned.     Carbon, 

litatc,  as  it  occurs  in  the  diamond,  is  crystallized  in  the  ist, 

[alar  system,  In  octohedra,  or  in  allied  forms ;  but  in  graphite, 

Mparates  from  cast  iron  when  fused,  it  assumes  the  shape  of 

i  plates,  which  belong  to  the  rhombohedral  system.     Car- 

t  of  lime  usually  occurs  in  forms  of  the  3rd  system,  reducible 

■nge  to  rhoml>oliedra,  like  those  of  Iceland  spar,  and  it  is  thus 

il  by  crystallization  at  low  temperatures ;  but  occasionally  it 

I  in   the   rectangular  prisms  of  the   4th  system,  as  in  the 

J  aiagonitc ;  and  the  microscopic  crystals  which  are  formed 

I  Die  carbonate  of  lime  is  deposited  from  its  solution  by  car- 

Utad  ID  water,  on  the  application  of  a  heat  of  21^",  have  also 

1  (G.  JioeeJ.     Another  beautiful  instance  of  t\i\s  V.\'n&\& 

*tjW  in  iodide  of  mercury.      Whea   this   body  ia  Uealeft,  \1 


I 
I 

I 
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fuses,  boils,  and  is  converted  into  vapour,  wliicli  condenses  ^ 
the  side  of  the  tube  as  a  yellow  crystalline  crast,  composed 
minnte  rhombic  plates.  The  application  of  a  slight  mccbauiod 
force,  such  as  a  mere  scratch  upon  a  single  point,  cbauges  the  f 
from  the  rhombic  tables  to  an  octohedrou  with  square  baw, 
the  change  is  rendered  visible  to  the  eye  by  the  accompBnjrinj; 
stitution  of  a  bright  scarlet  for  the  yellow  colour.  If  the  qm 
of  the  iodide  operated  on  be  at  all  cousidcrable,  the  temperature 
the  mass  may  be  observed  to  rise  as  much  as  5°  or  6°  F.  during  th 
conversion  of  the  yellow  into  the  red  salt  {Weber). 

Some  substances  are  even  trimorjihous,  that  is,  they  cryatallil 
in  three  different  systems.  Botii  the  seleniate  of  zinc  (ZnO,  SeC 
+  7Aq)  and  sulphate  of  zinc  (ZuO,  S0j  +  7Aq),  and  the  seleiUKi 
of  nickel  (NiO,  SeOj  +  yAq)  and  sulphate  of  nickel  (NiO,  S(^. 
/Aq),  according  to  Mitscherlich,  exhibit  tliia  peculiarity.  So 
phatc  of  nickel  crystallizes  below  59°  F.  in  right  rhombic  prism 
between  59°  and  68°  in  acute  square-based  octohedra ;  aud  whi 
the  temperature  is  above  86°  in  oblique  rhombic  prisms.  In  ll 
first  ca;e  the  crystals  belong  to  the  prismatic,  in  the  second  to  ll 
pyramidal,  and  in  the  third  to  the  oblique  ayatcm.  If  the  rigl 
rhombic  crystals  be  placed  in  the  summer's  sun  for  a  few  day»  tki 
become  opaque,  but  still  retain  the  form  of  the  prism,  which 
found,  when  broken,  to  consist  of  a  mass  of  octohedra.* 

It  is  not  unlikely  that  the  change  of  tenacity  produced  in  aoi 
of  the  metolaby  elevation  of  temperature,  and  exhibited  in  bi 
degree  by  sine,  is  produced  by  some  modification  of  their  crysU 
line  form  under  the  action  of  heat. 

The  influence  of  temperature  in  thus  subverting  the  direction' 
the  molecular  forces  iu  obedience  to  which  crystals  are  formed,  hi 
as  yet  scarcely  been  made  the  subject  of  Bystematic  research ;  i 
further  prosecution,  however,  cunnot  fail  to  throw  much  addition 
interesting  light  upon  our  knowledge  of  the  operatiou  of  molecul 
force. 

{84}  Allotropy. — Independently  of  dimorphism,  the  particles 
many  solids   are  capable  of  other  modes  of  arrangement,  whic 
without  altering  the  chemical  composition  of  the  body,  yet  produO 
a  very  important   modification  of   many   of   its  properties,  b 
chemical  and  physical. 

There  appear  to  be  four  difiCTcnt  conditions  in  which  n 

*  Aaoording  to  Marignac,  bowoTcr,  Buliihats  or  dJcIe*]  ia  the  Moond 
£&/rd  forms  coutaiM  i  Aq.  lew  than  it  do«i  when  crfittalliMd  in  riuUt  rhoo. 
prigau;  and  if  this  be  true  for  sulphate  of  n\cV(A,  tluiiwMl^ci^a\^iCMbi 
n'cli  the  other  sails  shore  meuUoned  aa  tiimocy^ua. 


m^  eust.  'Huty  may  be — ist,  crystalline,  as  diamond, 
{■net,  fekpar ;  2iid,  vitreous  or  glassy,  as  glass  itself,  transparent 
ancnioiu  Bcid,  and  barley-sugar ;  3rd,  amorphoua,  or  destitute  of 
trysUlUitc  form  altogether,  as  tinder,  chalk,  or  clay  ;  4th,  organised, 
or  UTsnged  in  masses,  consisting  of  cells,  fibres,  or  membranes, 
like  the  tiseuea  of  aoimals  or  vegetables,  as  hair,  muscle,  skin,  wood, 
Wk,  leaves,  Jtc.  To  these  organized  structures,  no  further 
itiiiaign  will  for  the  present  be  made,  since  they  are  producible 
only  by  tiie  living  organism. 

^tany  substances  are  capable  of  assuming   indifferently  any 
me  of  tlie  first  three  of  these  conditions.     Sulphur,  fur  example, 
Ulcn    oocurs  naturally  in  beautiful  octolicdral    crystals,  and  may 
uvsy*   be   obtained  in   this   form  by  allowing   its  solutions    to 
CTifKirate  spontaneously  in  the  air.     These  crystals  are  very  hard 
aad  brittle,  and  they  easily  become  dissolved  again  in  the  bisul- 
phide of  carbon.     But  if  a  quantity  of  these  crystals  be  melted, 
aod  heated  con.*iderably  beyond  the  boiling  point  of  water,  and 
tttea  Buddcoly  cooled  by  pouring  into  cold  water,  a  tough,  flexible, 
inaparent  substance,  of  an  amber  colour,  is  procured,  which  may 
-   kneaded  in  the  hand  or  drawn  out  into  long  threads,  and  is 
eanly  tuflaraed  than  ordinary  sulphur.  This  constitutes  vitreous 
■;    but   if  it   be   left  for  a  few   days,   it   becomes   brittle, 
and  partly  crystalline.     However,  it  is  not  all  crystallized, 
•if  digested   with  bisulphide  of  carbon,  part  of  it  only  will  be 
Ired ;  the  crystalUzeil  portion  is  taken  up,  and  a  bufl'-coloured 
ia  left,  which  is  insoluble.     It  has  no  crystalline  appear- 
and ia  amorphous  sulphur.     This,  if  melted  by  heat,  becomes 
•oluble  a&  before.     In  addition  to  these  alterations  iu  consis- 
■-.e,  o^our,   in  flam  01  ability,  and    solubility,   differences  in  the 
ity  arc  observed  ; — 

Octohedral  sulphur  Las  a  specific  gravity  of    To^ 
Prismatic  sulphur  „  „  ^'9SS 

Vitreous  sulphur  „  „  ''957 

wnJing  differences  in  the  specific  heat  have  been  observed 
;  different  conditions. 

i  three  different  forms   of  sulphur  are  called  alMri^ic 
itiooa  of  sulphur,  aud  the  existence  of  the  same  substance 
mt  form*,  each  endowed  with  different  properties,  is  called 
ipy,  (from  aWo^  another,  aud  r^on-oc  manner). 

*  affords  another  ciccllent  instance  of  this  singular 
r  modiScftioas.  Phosphorus,  when  first  prepared,  auiV  aa 
■  9  shops,  is  in  the  foim   of  transparent,  flcxiWei  wa,!.^- 
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looking  sticks  wliicli  arc  of  tlie  vitreous  varie^.  In  tliis  ttitVi 
it  is  freely  soluble  iu  biaiOphide  of  carbon,  melts  in  warm  water 
nt  a  heat  very  little  above  that  of  the  human  body,  aiid  it  m 
inflammable,  that  if  left  exposed  to  the  air,  even  for  a  ftir 
minutes,  in  warm  weather,  it  takes  fire  and  burns  with  gmi 
violence.  Phosphorus  has  also  been  obtained  in  cry«tala,  whid 
are  equally  inflammable  with  the  common  form.  But  if  phot- 
pborua  be  put  into  a  flask  filled  with  nitrogen  or  carbonic  Bcil 
gas,  to  prevent  it  from  taking  fire,  aud  be  heated,  with  varioni 
precautions  to  avoid  accident,  up  to  the  melting  point  of  Un 
(442°),  or  rather  higher,  in  a  few  hours  it  will  be  changed  inU 
a  red  powder  which,  when  properly  purified  {366],  may  be  exposed 
to  the  air  without  any  danger  of  taking  fire.  In  this  condi^na 
it  does  not  melt  until  heated  to  500°,  or  even  beyond  that  tem- 
perature ;  and  it  is  quite  insoluble  iu  bisulphide  of  carbon.  Yet 
it  is  pure  phosphorus,  although  in  the  amorphous  condition.  Bj 
heating  it  to  between  500°  and  600°,  in  a  retort  or  vessel  from  which 
the  air  is  excluded,  it  melts,  and  then  cannot  be  diatingoiabed 
from  the  original  phosphorus  that  furnished  it.  In  addition  to 
these  alterations  in  solubility,  colour,  inflammability,  and  extend 
appearance,  differences  in  the  specific  gravity  aud  in  specific  heat 
have  been  observed. 

Many  other  elementary  bodies  exhibit  analogous  allotropic 
modifications,  and  their  number  will  no  doubt  be  increased 
searches  in  tliis  direction  become  multiplied.  It  is  probable,  indeed, 
that  such  modifications  exist  in  all  the  elements,  although  the  pn^ 
perties  of  the  difl'erent  forms  certainly  are  not  always  so  dissimdaT: 
as  in  the  cases  already  quoted.  Even  in  permanent  gases  we  ha* 
indications  of  allotropy,  the  remarkable  substance  ozone  havinf 
been  ascertained  to  be  oxygen  iu  a  particularly  active  couditioik' 
The  consideration  of  special  instances  of  allotropy  will  be  deferred 
until  the  properties  of  the  bodies  themselves  are  detailed.  AUotrapf 
does  not  appear  to  be  confined  to  elementary  bodies  ;  but  in 
compounds  it  is  not  always  easy  to  determine  whether  the  corre- 
sponding modifications  may  not  be  due  to  alterations  in  cfaeoiical 
composition,  arising  from  a  change  in  the  mode  of  combinatioQ  rf 
the  difierent  component  elementary  bodies  with  each  other. 

It  is  certain,  whatever  be  the  causes  which  thus  iafluence 
molecular  arrangement,  that  the  particidar  arrangement  which 
such  causes  may  produce  in  any  given  case,  has  a  very  material 
influence  iu  modifying  the  physical  properties  of  the  body.  When 
a  body  is  homogeneous,  or  when  it  i&  ByiuiaeiT\c&VV^  vm.Q%od, 
2n  the  eiystah  belouging  to  the  regular  BjalCTO,  Ca.a  XtwnanK 
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.,  tfie  exp&Dsion  by  heat,  and  the  conducting  power  of  the 
ioij  fur  faeat,  is  uniform  in  every  direction  ;  but  vhea  the 
■>i!eciilar  forcea,  as  shown  by  the  form  of  the  cryBtal,  are  more 
■crful  in  one  direction  than  in  others,  immediately  a  correspond- 
.'  irregularity  in  the  action  of  the  body  on  light,  and  in  its  cx- 
i  'irt  and  conducting  powers  for  heat,  may  be  traced  :  probably 
mUz  irregularities  would  be  found  in  its  power  of  trananiitling 
Lud,  and  in  allowing  the  passage  of  electricity  and  magnetism.* 


CHAPTER  rV. 


"' . j'liri!  of  Light —  Undulations — Reflection — Refraction — ProduC' 
tion  of  Colour — Interference — Double  Refraction — Polaris 
xatitm. 

(85)   The  torcs   of  light  which,  operating  through  the  eye, 
>  exercise  to  the  sense  of  vision,  is  one,  which,  until  within  the 
-:  few  years,  would  have  been  thought  to  have  little  connesion 
li  chemistry.     Now,  however,  the  case  is  otherwise,   and   an 
,i;ait)tance  with  the  fundamental  laws  and  properties  of  light  is 
I  ipeusable  to  the  chemist.     The  physical  characters  of  an  object, 
-aled  by  its  action  on  light,  are  often  of  the  greatest  chemical 
ijc      Differences  in  refractive  power,   for  example,  furnish  in 
^wny  cases  the  most  rapid  and  satisfactory  proof  of  the  genuine- 
r  adulteration  of  an  essential  oil.     Varieties  in  the  amount 
I  direction  of  circular  polarization  afford  the  best  means    in 
s  of  arriving  at  a  knowledge  of  the  varieties  and  pro- 
of sugar  in  complex  saccharine  liquids.     By  the  action  of 
1  light,  the  diamond  and  other  precious  gems  may  be  dis- 
ihcd  from  spurious  imitations. 
^  Bat  besides  the  indirect  assistance  thus  afforded  to  chemistry, 
k  Rsc&rches  of  the  last  fifty  years  have  been  gradually  develop- 
▼aat  importance  of  light   as  an   agent  in  producing  the 
i  ffcemical   changes   which  are  continually   in  operation  upon  the 
Ktdtce   of  the   earth,  and  they  have  at  length  shown  that  this 


'•  Wirllipnn  has  indeed  proved  that  the  velocity  of  eound  when  traoa- 
^  throuKb  wood,  is  nearly  five  times  be  jjreat  when  tranamilCed  in  the 
''      \(ib.«S.bre,aswben  innsraittedacro»»  it ;  and  Wiedemann  &nd«v\iB% 

u&Btma  ocean  with  rarying  degrees  of  facility  ia  diffetBBt.  iitw- 

■  lit  taae  doubly  refracting  crystal. 
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wonderful  emanation  from  the  sun,  is,  conjointly  with  hcnl, 
mainspring  which  maintains  the  chemical  actions,  and  vith  Uiem 
the  existence,  of  all  the  varied  forms  of  organic  Itfu  which  tctm 
aronnd  us.  The  fixation  of  carbon  in  the  vegetable  creation,  tin 
accumulation  of  materials  for  our  habitations  and  for  fuel,  and  tbe 
maintenance  of  a  uniform  composition  in  the  atmosphere,  may  In 
mentioned  in  illustration  of  the  importance  of  its  chemical  actions; 
whilst  the  new  and  fascinating  art  of  photography  gives  proof  of 
the  rapidity  and  the  variety  of  the  changes  which  it  produces, 

The  investigation  of  the  laws  of  light  belongs  to  the  science  of 
optics :  in  the  following  pages,  therefore,  reference  will  only  be 
made  to  some  of  its  principal  properties,  which  will  be  a  necessary 
preparation  to  the  study  of  its  chemical  effects. 

(86)  Sources  of  Light. —  i.  The  great  natural  sources  of  lifthtue 
the  sun  and  the  heavenly  bodies,  but  there  are  several  modoa  of 
procuring  light  by  artificial  means, 

2.  Whenever  any  solid  object  is  raised  to  a  high  temperature 
(beyond  900"  or  1000"  P.),  it  becomes  luminous.  A  current  of 
gaseous  matter  may  have  a  temperature  of  upwards  of  2003°  with- 
out becoming  luminous.  If,  however,  a  solid  be  introduced  into 
such  a  current,  it  becomes  luminous,  and  throws  oS*  light  In  all 
directions.  The  colour  of  the  light  varies  with  the  intensity  of 
the  heat.  When  first  perceptible  it  is  of  a  dull  red  colour,  and 
as  the  temperature  rises,  it  parses  through  orange  and  yellow  into 
a  full  white,  which,  when  the  heat  becomes  extremely  intense, 
assumes  something  of  a  violet  tinge.  All  our  artiHeial  lights  depend 
upon  such  an  ignition  of  solid  matter,  in  the  intense  heat  deve* 
loped  by  the  chemical  changes  attendant  on  combustion  (2S6, 403]. 
One  of  the  most  remarkable  instances  of  the  production  of  light  ta 
this  maimer,  is  afforded  by  directing  an  ignited  jet  of  mixed 
oxygen  and  hydrogen  gases  upon  a  piece  of  lime ;  the  burning  gas 
alone  gives  scarcely  any  sensible  light,  but  the  moment  that  the 
lime  becomes  thoroughly  heated,  the  brilliancy  of  the  light  bccomea 
too  great  for  the  eye  to  bear. 

3.  Some  substances  of  mineral  origin,  when  gently  bested,  emit 
a  feeble  light,  which  in  a  short  time  ceases,  and  cannot  be 
renewed  until  after  the  body  has  been  exposed  to  the  light  of  tbe 
sun,  or  to  that  emitted  by  the  discbarge  of  a  Leyden  jar  (106).! 
Native  phosphate  of  lime  or  phosphorite,  and  a  variety  of  flnorl 
spar  known  as  chlorophane,  exhibit  the  phenomenon  very  du>| 
tinctly, 

4.  Tbe  existence  of  phosphorescence  may  he  recognised  in  the 
mal  kingdom.     The  waters  of  the  ocean  in  different  parts  of  the 
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'iV,  iM'St  Biflerent  times,  appear  to  be  luminous  throughout 
■■■in  the  presence  of  couutless  hosts  of  lumioous  aoimitlculfe :  but 
-uaUj'  the  light  of  the  sea  appears  to  be  developed  only  by  agita- 
in,  and  the  crest  of  every  wave  may  often  be  seen  to  be  tipped 
'h  a  beuitiful  fringe  of  pale  green  light.  The  glow-worm  and  the 
I'-dy  ufler  other  familiar  instances  of  the  same  nature.  Some 
ii^Uiofacoloprndn,  in  passing  over  the  ground,  leave  a  luminons 
■'il  behind  them.  Within  certain  limits,  this  power  of  emitting 
L-ht  appears  to  he  nnder  the  control  of  the  animal,  and  it  ceases  in 
:rw  hnora  aAer  vitality  is  destroyed. 

5.  Sea  H&h,  in  general,  and  whiting,  herring,  and  mackerel,  in 
articular,  aoon  alWr  death,  exhibit  a  luminous  appearance;  the 
jht  is  most  intense  liefore  putrefaction  commences,  and  gradually 
-.apfwars  as  decomposition  proceeds.  Id  order  to  observe  the 
rnonicnoD  more  distinctly,  the  fisb  should  be  gutted,  and  the 
3  and  •cales  remoyed.  The  euttre  fish,  and  especially  the  soft 
■.  exhibits  the  light.      By  placing  such   luminous  fish  in  weak 

-!ia*  •olutiooB,  such  as  those  of  Ejtsom  salts,  Glauber's  salts,  or 
TiiDoa  salt,  these  solutions  likewise  become  luminous,  and  the 
(carancc  continues  for  some  days  ;  it  is  particularly  visible  when 
1:  liquidii  are  agitated,  The  light  is  quickly  extinguished  by  the 
'  litkm  of  pure  water,  of  lime  water,  of  fermented  liquids,  of  acid 
'  :<■  alkaline  lii]uid8,  and  of  strong  saline  solutions  in  general;  these 
■  <..ue  aolutiona,  however,  on  bnng  diluted  recover  their  luminosity. 
:  the  fish  be  exposed  to  a  cold  sufBcieut  to  freeze  it,  the  lumino- 
r  t)i*appcars,  but  it  returns  when  it  is  thawed ;  luminous  wood 
to  emit  light  below  32°.  A  temperature  of  about 
s  to  be  that  most  favourable  to  the  appearance  of  this 
ibic  Ijgbt ;  it  disappears,  considerably  below  2 1 2°,  and  the 
olty  of  again  becoming  luminous  on  cooling  is  speedily  destroyed 
•  liie  cantintumce  of  the  heat.     (Hulme,  PMl.  Trans.,  1800.) 

6.  The  transient  light  of  the  electric  spark,  and  the  intense 
■  i(We attendant  on  a  flash  of  lightning  are  tamitiarly  known;  but 

J  may  likewise  be  made  to  gi>-e  a  coutinuous  and  abun- 
i  anpply  of  light ;  the  ignition  of  charcoal  points  between  the 
B  oT  •  Toltaic  battery  may  be  made  to  yield  a  light  which 
•  the  TUiprotected  eye.  Attempts  have  been  made  recently 
/  this  light  to  the  purposes  of  illumination  on  a  large  scale, 
h  ad  yet  with  imperfect  results.  Other  less  important  sources 
ii^bt,  such  as  the  friction  of  two  pieces  of  quartz  1 
pt,  may  also  possibly  be  of  electrical  origiu, 
'.  Lifiit  is  Jikeirise  developed,  under  certain  ' 
t  ^  of  crystallization.       Whea    the   trauspatcnt  ' 


nportant  sources 

oartz  or  of  loaf     ^m 
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arsenions  acid  is  disBolved  in  hot  bydrochloric  aciJ,  the  Hi 
as  it  cools  deposits  crystals  of  opaque,  white  ersenious  acid  : 
the  process  be  watched  in  a  darkened  room,  the  separation  o4 
each  crystal  will  be  seen  to  be  accompanied  by  a  faint  flash. 
Fused  sulphate  of  soda,  and  one  or  two  other  vitrified  salts,  when 
dissolved  in  water  and  crystallized,  exhibit  the  same  pheiiomenoD, 
whicli  appears  to  accompany  the  transformation  of  a  vitreous  iatc 
a  cry&talhne  solid. 

(87)  Theories  of  Light — Undulations. — ^Two  hypotheses  htm 
heen  proposed  to  account  for  the  phenomena  of  light.  Upon  thi 
first  of  these,  the  theory  of  emission,  it  is  imagined  that  all 
luminous  bodies  are  constantly  throwing  off  into  space  a  luminoiui 
matter,  the  particles  of  which  are  inconceivably  minute,  and  ai 
projected  with  a  velocity  equally  inconceivable.  These  particles, 
when  they  fall  upoa  any  object,  are  reflected  more  or  less 
pictely  from  its  surfaces ;  and,  entering  the  transparent  portioos 
the  eye,  form  images  upon  the  retina  or  expanded  termination 
the  optic  nerve,  and  are  by  it  transmitted  to  the  brain  ;  the  re«nlt 
enabling  us  to  see  the  object  from  which  the  light  was  reflected. 

Upon  the  second  hypothesis,  that  of  undulation,  recourse  1 
liad  to  the  supposition  of  an  inelastic  medium  or  ether  of  incoi 
ceivable  tenuity,  filling  all  space,  and  the  interstices  of  all  material 
objects.  This  medium  is  not  light  itself,  but  it  is  susceptible  0 
being  thrown  into  the  vibrations  which  constitute  light,  by  impulaa 
incessantly  emanating  from  all  luminous  objects.  Portions  of  tbi 
vibrations  thus  excited  are  collected  by  the  lenses  of  the  eye,  sai 
thrown  upon  the  retina.  Upon  this  theory,  therefore,  the  phenometH 
are  expltctible  upon  a  mechanism  similar  to  that  by  which  thl 
vibrations  of  elastic  media  are  known  to  be  propagated ;  sacli,  fijg 
example,  as  that  by  which  the  undulations  of  the  atmosphere  an 
conveyed  to  the  ear  and  excite  the  sensation  of  sound.  The  etho 
by  means  of  which  light  is  transmitted,  though  possessed  of  inertia 
is  not,  like  the  atmosphere,  affected  by  the  force  of  gravity. 

At  present,  the  theory  of  undulatiou  is  all  but  univenall' 
adopted,  as  it  affords  the  most  complete  explanation  of  the  fact 
upon  which  tlie  science  of  optics  is  based.  The  analogies  betw«ei 
light  and  sound  are  not  the  least  striking  and  interesting  amougi 
the  proofs  adduced  in  its  supitort.  Indeed,  it  will  greatly  fai^i 
tutc  the  comprehension  of  the  mechanism  by  which  light  is  pto] 
gated,  if  we  first  examine  some  of  the  plienonienn  of  sound,  wbid 
admit  of  being  traced  in  a  manner  more  directly  appreciable  I 
I  eotnmon  appreheuaoa. 

(88)  /lluslratioiii  uf  Vndvi\a(\vmi  from  the  Plitmwiurna  uj  Soth 


ondcmt  evidence  of  the  fact  that  sound,  whenever 
ansea  from  a  aeries  of  vibrations  which  are  occasioQed 
len  impulse,  such  as  a  blow,  commuaicated  to  any  sub- 
leseed  of  even  a  very  slight  degree  of  elasticity.  In 
the  impressiou  which  we  receive  is  due  to  the  vibra- 
Mliidi  the  particles  of  the  sounding  body  arc  thrown; 
ttioos  react  upon  an  elastic  medium,  such  as  the  air ;  the 
re  coram  uoicated  by  the  motions  of  the  particles  of  air  to 
id  by  reaction  upon  the  auditory  nerves  they  excite  the 
swing. 

motions  of  sounding  bodies  are  frequently  not  too  rapid 
ed  by  the  eye;  for  exaoiple,  a  stretched  string  whilst 
ly  be  easily  seen  to  be  in  rapid  vibration.  Again,  if 
B  dusted  over  with  a  little  sand,  or  auy  fine  powder,  and 
r  be  drawn  across  its  edge  so  as  to  elicit  a  sound,  the 
dost  will  be  briskly  agitated.  And  in  the  common 
of  half  filling  a  finger-glass  with  water,  and  producing 
drawing  the  moistened  finger  along  its  edge,  the  water 
l^t  the  sound  lasts,  is  beautifully  rippled,  to  an  extent 
ling  with  the  loudness  of  the  tone.  These 
e  also  distinctly  visible  in  the  prongs  of  a  tuuing  Fio.  57. 
t  it  is  in  the  act  of  producing  sound  (fig.  57). 
itions,  however,  to  render  them  audible  require 
■ention  of  an  elastic  medium  to  convey  them 
If  a  bell  be  suspended  in  the  receiver  of  the 
and  struck,  it  will  be  distinctly  heard  whilst 
is  fall  of  air;  but,  as  the  exhaustion  proceeds, 
Qg  the  stroke  it  will  gradually  become  feebler, 
t  will  be  inaudible,  or  nearly  so. 
media  besides  air  may,  however,  be  employed 
nsmission  of  sound.  A  bell  may  be  rung,  for 
liider  water,  and  will  be  heard  by  a  person  also 
water  at  even  a  greater  distance  than  in  the 
id  will  likewise  transmit  sound  freely,  and  to 
ff  distances  than  atmospheric  air. 
impulses  require  time  for  their  propagation,  and 
r  propagation  varies  in  different  bodies.  Sound 
r  example,  at  the  rate  of  1130  feet  in  a  second  through 
D  feet  through  water,  and  of  17,400  feet  per  second 
leal  rod. 

tenuty  of  sound,  like  that  of  all  forces  radiating  from  & 
ojouhes  as  the  square  of  the  distance ;  and  as  \t  \&  \itQ- 
iramg  or  aadahtioas,  h  ia  subject  to  ieftec\,vott  &<^nk. 
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obftacJei  tnterpoaed  io  iU  conne,  producing  the  ranotu  kiaSt' 
fomu  of  echo. 

{89)  Sounds  difier  from  each  other  in  loudmett,  quaiitfr  ud 
pitch.  The  toudneu  of  a  sound  depends  upon  the  extent  of  dia 
vibration.  A  tuning  fork  ribrating  freely  in  the  air  produces  <*Af 
s  feeble  sound ;  but  if  the  handle  be  placed  upon  a  table  wlnlA 
thfi  prougH  are  vibrating,  the  nooden  surface  is  thrown  into  power* 
£iU  simultaneous  vibration,  and  a  loud  sound  is  emitted.  QMi&fy, 
or  timbre,  dependt  on  the  form  of  the  sounding  bodr,  and  the 
nature  of  the  material  compoaing  it.  Successive  impulses  fblhm- 
itig  each  other  rajndly  at  irregular  intervals,  constitute  a  noise  or 
continued  sound,  like  the  rumbling  of  carriages  in  the  street,  or 
the  rattle  of  machinery ;  but  vbeu  they  follow  at  regular  iutemb^ 
witli  a  velocity  exceeding  16  vibrations  in  a  second,  they  product 
a  musical  note.  The  pitch  of  the  note  depends  ou  the  trequefier 
of  these  vibrations  ;  the  more  rapid  the  vibrations,  the  sharper  doM 
the  sound  become.  The  connexion  of  pitch  with  the  frequency  of 
vibration  may  be  readily  veriRed  by  pressing  a  card  against  &t 
edge  of  a  toothed  wheel,  which  is  made  to  revolve  slowly ;  the 
distinct  strokes  of  the  card  against  each  cog  arc  heard  at  first ;  bit 
by  iiicreHsing  the  rapidity  of  rotation,  a  low  humming  note  is  gifea 
out,  and  as  the  velocity  increases  the  sound  becomes  more  acatt. 
Musical  notes  all  have  a  fixed  numerical  relation  to  each  odHT, 
each  octave  at  the  scale  ascends  having  twice  as  many  vihratioai 
in  equal  intervals  of  time  as  the  corresponding  note  of  the  oeUn 
immediately  below  it     These  mtios  are  exhibited  in  the  attoi»B4 


or  sorND. 

ibu  taible,  a  ttmiti^-rork  is  considered  to  have  made  one 
hiUt  the  (trong  is  pRaeitig  from  a  to  6  (fig.  57),  the 
motion  from  £  to  a  being  reckoned  as  a  second  viliration, 
m  in  connting  the  beats  of  the  pendulum.  The  furtlicr  considcra- 
tira  of  thi*  subject  would,  however,  be  irrelevant  iu  a  work  on 
licsiiflUT,  as  it  Itclongs  to  the  physical  science  of  acoustics. 

Il  nir>:ly  happens  that  all  the  particles  of  a  sounding  body  are 
nmiUcaiicaiuily  vihrating,  A  sounding  l)ody  generally  divides 
iMlf  into  portions  nbrating  in  opposite  directions;  the  iuter- 
Bfdiate  lines  or  points  are  quiescent,  and  these  quiescent  portions 
ire  Icnnwi  nodal  lines  or  points.  If  a  flat  plate  of  glass  be  held 
Inruontally  by  the  point  of  the  finger  and  thumb  about  its  centre, 
oi  its  iiiirface  be  sprinkled  with  sand,  on  eliciting  a  musical  note 
by  dnving  a  violin  bow  across  its  edge,  the  sand  will  accumulate 
OD  the  stationary  parts,  and  clearly  show  the  position  of  the  nodal 
lifics.  By  altering  the  points  at  which  the  glass  is  held,  the  nodal 
kun,  and  the  note  elicited,  may  be  made  to  undergo  a  variety  of 
ialcTectiiig  changes. 

The  amount  of  force  exerted  by  the  accumulation  of  these 
miitK  molecular  motions  is  eiitraordinary.  A  feat  occasionally 
■eribrmccl  by  a  powerfiil  singer  is  to  crack  a  glass  by  swelling  hia 
toioc  upon  the  note  to  which  the  glass  responds,  Savart  has 
made  aome  important  experiments  in  relation  to  this  subject.  {Ann. 
4t  Ckimie,  11.  ls».  384.)  He  found  that  a  copper  band,  10  feet 
Wof,  ,»j-  inch  wide,  ^  inch  thick,  will  sustain  a  weight  of  90  lb. 
vitbout  becoming  perceptibly  lengthened,  hut  if  made  to  vibrate 
looptudinally  whilst  thus  stretched  it  will  become  lengthened  6  or 
7  inchw.  In  the  same  way  a  cylinder  of  brass  1-37  inch  in 
iiunrter,  became  lengthened  during  its  longitudinal  vibration,  to 
IB  extent  that  would  hare  required  the  application  of  a  direct 
taaia  eqnal  to  4000  lb.  It  is  needless  to  insist  on  the  important 
yjftiral  bearing  of  these  facts  on  the  construction  of  metallic 
irry  liable  to  regular  partial  oscillation,  however  slight  or 
itly  trivial  such  vibrations  may  be, 
Tlie  experiments  just  detailed  will  show  in  what  way  it  has 
dearly  ascertained  that  it  is  by  successive  regularly  recurring 
or  undulations,  that  sound  is  propagated.  A  similar 
iple  has  been  with  great  success  applied,  with  certain  inodifi- 
I,  to  trace  the  yet  more  interesting  and  complicated  pheno- 
exhibited  by  light. 

itechanUm    of   Undvlation. — The   mode  in   which   thft 
of  light  are  transmitted  may  be  illuatratcd  bj  \oq6c\^ 
Iff  cord  aud  striking  it  from  above  downwaria  ■»£« 


i 

{ 


^^v     one  eii( 
^^p      ooe 

^V^      alterua 


MECUAKISU    I 


one  end  :   the  motioa  will  be  propagated  in  sncccssire  vt 
one  extremity  to  the  other,  each  portiuu  of  the   cord 
alternately  first  higher  and  thea  lower  thau  the  position 
assumes  when  at  rest.     In  the   pas»Hge  of  a  ray  of  ligb^ 
motions  of  the  particles  of  ether  interposed  between  the  ^ 
the  luminous  object,  will,  like  those  of  the  cord,  be  at  right  ta_  __ 
to  the  track  of  tbe  my,  or  to  that  line  in  which  the  varei 
advancing,  and  in  the  same  plane  as  that  in  which  the  iiD] 
was  given.     If  the  cord  be  struck   from  above  downwards, 
waves  will  be  upwards  and 
Fio.  58.  wards ;  if  laterally,  the  waves 

a  occur  from  side  to  side.     Let  B< 

'  ^\f\r\f\J^J\/^  C'g-   5^)  ^  ^^^   direction   tit  A^ 

I  ray,   the  motioa  of  the   partidcf 

of  ether  will  be   in  the  directim 

a  b,  at  right  angles  to  the  course  of  the  ray. 

A  similar  movement  takes  place  in  water  when  a  atone 
dropped  into  it,  or  when  its  surface  is  ruffled  by  a  breeae.  Thouf^ 
the  motion  is  propagated  from  the  point  struck,  towards  the  edgti^ 
in  circles  continually  widening,  the  particles  of  the  liquid  them- 
selves do  not  travel  onwards  from  the  centre  towards  the  circnm- 
ference,  but  are  alternately  elevated  and  depressed,  as  may  be  seen 
by  watching  the  movements  of  a  cork  or  other  light  floating 
object ;  each  vertical  line  in  succession  receiving  and  transtoittii^ 
the  motion  produced  by  the  first  impulse,  which  gradiul^ 
diminishes  in  intensity  as  the  squares  of  the  distance  increms^ 

I  as  the  circle  becomes  more  extended. 
In  elastic  media,  like  air,  the  propagation  of  force  is  ala 
effected  by  undulation,  as  in  tbe  phenomena  of  sound ;  but  i] 
them  the  particles  undergo  alternate  condensation  and  rare&ctial 
in  the  same  direction  as  that  in  which  the  motion  it 
muuicatcd. 
(91)  Bodies  through  which  light  passes  freely,  ftucb  at 
or  air,  are  termed  transparent  ;  they  allow  objects  to  be 
through  them,  whilst  the  majority  of  substances  which,  like  1 
metals,  &e.,  do  not  allow  its  passage,  as  designated  as  opuijue,  N 
substance,  however,  is  perfectly  transpareut.  The  purest 
arrests  a  portion  of  light  :  Young  estimated  that  tlic  horiiiontal 
sunbeams,  which  pass  through  about  aoo  miles  of  atmospheric 
before  they  reach  the  eye,  possess  only  siAiu  of  their 
intensity ;  and  he  states  that  a  column  of  the  clearest  water  7 
ill  depth,  arrests  one  half  of  tbe  light  which  falls  u^u  it ;  bat 


mds  ijartly  upon  the  reflection  from  the  surface.  Oa  the 
•  liantl,  there  is  no  such  thing  aa  perfect  opacity.  Gold, 
I  one  of  the  denerat  metals,  may  be  hammered  out  into 
irthtn  Iraves,  wiiich  transmit  a  green  light  if  the  metal  be  pure, 
I  s  purplish  light  if  it  he  alloyed  with  silver.  Between  the 
les  of  opacity  and  transparency  are  innumerable  gradations. 
I  vary  greatly  in  tramlucency,  that  is,  in  their  power  of 
tnoumiltiiig  light.  Porcelain  is  a  translucent  body;  it  breaks  up 
tfce  rays,  but  traiismils  a  softened  light,  though  it  does  not  allow 
tke  form  of  an  object  to  be  seen  if  the  porcelain  be  interposed  be* 
tatm  that  object  and  the  eye. 

Light  proceeds  through  all  homogeneous  transparent  media  in 
Mnight  lines  from  the  object,  and  these  lines  radiate  in  all  diree- 
tknis  fruro  a  luminous  point.  The  path  of  the  rays  in  a  direct 
?Ir,c  may  often  be  traced  acroBs  a  darkened  room  into  which  a 
-ill beam  is  admitted,  by  the  floating  particles  of  dust  which 
.-■iicct  a  small  portion  of  the  light  iu  diflercnt  parts  of  its  course 
»  tie  eye  of  the  observer.  Tlie  mere  passage  of  liglit  through 
isparctit  object  does  not  escite  the  sense  of  vision,  neither  can 
Pcyi:  track  its  direction,  unless  the  vibrations  be  cairied  towards 
■  observer  by  reflection  from  the  surface  uf  some  material  object. 
I  Tbc  impression  of  light  upon  the  retina  lasts  for  a  brief  in- 
1,  Tarying  in  difl'ereut  persons  from  -jV  to  ^  of  a  second,  after 
Jl liglit  itaelf  has  ceased,  and  gives  rise  to  many  curious  effects  : 
pitutuice,  the  act  of  bliuking  produces  no  impediment  to  correct 
n ;  a  bright  iwiiit  made  to  revolve  rapidly  iu  the  dark  is  seen 
\b  luminous  circle,  and  the  jets  of  flame  which  in  fireworks  arc 
1  round  before  the  eyes  of  the  spectatur,  assume  the  form 
eU  or  stars  of  fire. 
I  (92)  Law  of  Diminution  0/  Light  by  Distance. — When  light 
t  from  a  luminous  centre,  its  iiiteusity  diminishes,  like 
t  of  all  radiant  forces,  not  directly  as  the  distance,  but  as  the 
-  of  the  distance.  A  little  consideration  will  render  the 
I  for  this  obvious ; — Suppose  the  flame  of  a  candle  or  any 
point  to  be  placed  in  the  centre  of  a  hollow  sphere 
it  in  diameter,  its  light  will  fall  upon  the  whole  internal  surface 
:  sphere,  and  the  candle  will  be  1  foot  distant  from  cacii 
:  a  square  inch  of  that  surface  will  receive  a  given  amount 
Igbt.  The  same  candle,  if  placed  in  the  middle  of  a  glotw 
t  in  diameter,  will  be  :  feet  distant  from  each  point  of  Uie 
r  double  the  distance  that  it  was  in  the  fii-st  glolie,  hutxte 
t  wQi  ftiU  iUumiuatp  the  whole  of  the  interior.  T\ie  ^wdacjc 
vj globe,  however,  is  four  times  greater  llian  tWt,  o^  v\itt 
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first,  becaase  the  surfaces  of  spheres  are  to  eacli  other  a*  t 
squares  of  their  radii;  ia  this  case  as  i':  2',  or  Bd  i  to  4;  cot 
sequcTitly  each  point,  or  each  inch  of  the  surface  of  the  larg 
sphere  will  receive  only  one-fourth  of  the  light  that  fell  on  a 
equal  space  in  the  smaller  globe,  and  yet  the  candle  is  only  tw" 
as  far  from  it :  so,  if  the  globe  were  8  feet  aerOBs,  the  diaUnce 
the  candle  heing  now  4  times  as  great  as  in  the  first  globe,  the  si 
face  to  be  illuminated  is  16  times  as  large,  and,  consequentiy, 
square  inch  of  the  8-foot  globe  would  receive  Only  tV  of  the  lig) 
that  fell  on  a  square  inch  of  I 
I'm.  59-  2-foot  globe.     A  board   at    1  y» 

froHi  ft  candle  receives 
amount  of  light,  at  2  yards  it 
ceivea  \  of  that  amount,  at  3  yar 
J-,  at  4  yards  -^  ■  and  expcrimei 
shows  that  a  Iward,  I  foot  squi 
J  yard  distance,  would  cast  a  shado 
that  would  cover  a  board  espoein 
4  times  the  surface,  or  2  feet  in  tl 
fi^^  side,   if  placed  at   a   distance  of 

yards,  as  shown  in  fig.  59. 
■(93)  An  application  of  this  law  affords  a  ready  means  of  apprnx 
matively  determining  the  relative  intensities  of  two  lights  whii 
do  not  differ  greatly  in  colour.  Suppose,  for  instance,  it  we 
necessary  to  ascertain  the  illuminating  power  of  a  gas-light  bui 
ing  5  cubic  feet  of  gas  per  hour,  as  compared  with  that  of  a  s 
candle  burning  132  grs.  of  spermaceti  per  hour: — Place  at  tl 
distance  say  of  100  inches  from  the  gas-light,  a  vertical  screen 
white  paper,  and  in  front  of  this,  at  an  inch  distance,  : 
strip  of  wood  or  metal,  so  as  to  cast  a  definite  shadow.  BetwM 
the  gas-light  and  the  screen  place  the  candle,  at  such  a  dis 
that  the  shadow  of  the  same  object  cast  by  the  candle  upon  I 
screen  shall  have  as  nearly  as  jtossihle  the  same  intensity  aa  tl 
produced  by  the  gas.  Say  tliat  the  distance  of  the  candle  fra 
the  screen  is  2775  inches.  The  shadow  from  each  light  is  illta 
nated  by  the  rays  proceeding  from  the  other  light.  If  the  shadoi 
be  seu»bly  equal,  the  amount  of  light  fulling  u{K)n  the  screen  fi 
each  source  must  at  that  distance  he  equal  also;  the  relati 
intensities  of  the  two  liglita  are  then  found  by  sipiaring  tho  di 
tancca  of  each  light  from  the  screen ;  the  gas-light  will  coui 
quently  cast  a  light  which  hears  the  same  proportiou  to  tbiti 
kJOO':  3775';  or  aa  i6  to  i. 
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Refleclion, 


1  angle 


I  light  falls  npoa  any  object  it  may  be  disposed  of  ia 
e  different  ways,  i  at,  it  may  either  be  bent  back  or  re/ec/erf  ; 
lit  in»y  be  allowed  to  pass  on  in  an  altered  direction,  that  is, 
y  be  Iratumilled  and  refracted ;  or  3rd,  it  may  disappear  alto- 
;  anil  be  absorbed. 
]  Refiection. — If  a  ray  of  light  fall  obliquely  upon  a  flat, 
i  stirfacci.s  large  proportion  of  tbe  incident  rays,  or  rays 
I  upon  the  surface,  ia  reflected  or  throwu  off  obliquely, 
gle  formed  on  the  other  8ide  of  a  perpcudicutar  to  the 
r  iuoideuce,  equal  to  that  formed  between  the  incident  ray 
ud  the  perpendicular.  Fig.  60  is  intended  to  illustrate  the  law 
of  refleclion.  If  in  this  6gure,  i  n  represent  the  incident  ray,  h  M 
lie  mirror,  p  x  a  perpendicular  to  the  poiut  of  incidence,  p  n  1 
»ill  he  tbe  angle  of  incidence,  N  r  the  reflected  ray,  and  p  n  e  the 
auglr  of  rvfiection  formed  between  the  same  perpendicular  and  the 
inflected  ray. 

Tbe  law  which  regulates  the  reflection  of  light  is  expressed  by 

■ring  that  '  tbe  angle  of  reflection  is  equal  to  the  angle  of  inci- 

*'-MX  ' :  the  incident  and  the  reflected  ray  are  always  in  the  same 

^i:ie,  and  that  plane  is  perpendicular  to  the  reflecting  surface. 

'  um  the  incident  ray  is  perpendicular  to  the  surface,  the  reflected 

!i  ia  therefore  also  perpendicular,  and  coincides  with  the  incident 

'}■.  bat  it  does  so  in  no  other  position. 

In  fig.    60,    the  angle  of    reflec- 

a,  is  equal  to  the  angle  of 

,  p  N  I,  but  they  are  on  oppo- 

B  of  the  perpendicular.     A  per- 

k  looking  into  the  mirror  at  r,  would 

ptlie  candle  behind  the  mirror.     -An 

Bel  always  appears  to  lie  in  tbe  di- 

I  of  the  line  which  the  ray  last 

t  when  it  reaches  the  eye. 

I  Thu  power  of  reflecting  light  varies 

f  pcatly  in   different  bodies.     In 

.  tbe   metals,  reflection    is 

t  perfect ;  in  Others,  as  in  charcoal,  or  in  black  velvet,  it  is 

i  wauting:  but  whenever  light  passes  out  of  one  viedium  or 

nt  body  into  another,  no  matter  bow  perfect  the   tran^- 

of  such  media  may  be,  reflection  more  or   less  complete 

1  fdacc  »t  their  eommoa  sur&ce. 

Eiotpt  ia  tbe  case  of  tbe  metals,  in  which  reftectwa  \»  nwi*^ 
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complete  at  the  smaller  angle  of  incidence,  it  is  fonnd  thrt 
greater  tiie  angle  of  incidence  tlic  more  complete  is  tbe  reflection 
80  that  the  surface  of  a  body,  such  as  plnster  of  Pari»,  or  hc 
pressed  writing-paper,  may  thua  afford  a  tolerably  perfect  image 
a  luminous  object,  if  the  reflection  be  effected  under  n  great  angi 
Bodies  in  general  do  not  possess  surfaces  actually  flat ;  to  coi 
men  observation  they  raay  bo  flat,  but  when  optically  exnmiiM 
their  surface  is  found  to  consist  of  an  indefinite  number  of  mino 
planes  inclined  to  each  other  at  all  possible  angles,  and  therefiM 
receiving  and  reflecting  light  in  all  possible  directions.  If  a  b 
of  light  admitted  into  a  dark  room  fall  upon  a  bright  metallic 
face,  a.  brilliant  spot  of  light  will  be  perceived  in  one  pai 
position,  the  direction  of  which  can  be  varied  by  altering 
inclination  of  the  mirror  to  the  ray,  but  the  mirror  will  be  neat 
invisible  in  all  other  directions,  and  the  room  will  remain  dark;  I 
if  for  tbe  mirror  a  sheet  of  white  paper  be  substituted,  the  paper  « 
be  almost  eqnally  visible  in  every  direction,  and  a  general,  thou 
slight  illumination  of  the  apartment  will  be  perceived.  It  ifi  t 
irregular  reflection  or  icatlering  of  the  light  in  all  directions,  whi 
renders  non-luminous  objects  distinguishable  in  the  light.  1 
light  of  the  moon  and  of  the  planetary  bodies  are  instances  of  tl 
kind.  A  further  evidence  of  the  value  of  this  scattering  or 
dary  radiation,  is  afforded  by  the  difference  between  the  mild 
softened  light  which  is  reflected  from  the  heavens  when  partial 
covered  with  clouds,  and  the  strong  lights  which  fatigue  tl 
eyesight  in  a  cloudless  summer's  day.  It  is  entirely  to  tb 
secondary  radiation  that  we  owe  the  generally  diffused  and  nc 
dned  Hglit  of  day,  even  when  the  sun  itself  may  be  invisible;  ai 
the  morning  and  evening  twilight,  while  the  great  luminary  itac 
ia  below  the  horizon,  is  due  to  the  same  cause,  each  illuminftli 
particle  of  the  atmosphere  contributing  its  share  in  produdi 
this  effect. 

(95)  When  light  is  received  upon  a  regular  curved  snrfac^ 
undergoes  reflection  according  to  the  usual  law,  the  refloctioa  fra 
each  point  of  the  curved  surface  being,  in  fact,  the  same  as  firoa 
plane,  tangent  to  the  curve  at  the  point  of  incidence  If,  therefia 
the  form  of  a  parabolic  concavity  be  given  to  a  mirror,  all  tiM 
fleeted  rays  will  be  directed  towards  a  point  at  which  they  will  a 
each  other,  and  continue  their  progress  as  l>efore,  the  upper 
now  becoming  undermost,  and  vice  versd.  This  point  of  inten 
tion  is  called  the  focm  of  the  mirror. 

Let  M  M,  fig.  61,  represent  the  aection  of  the  curved 
r  e.Hch  of  the  rajs  i  &,  i  &,  will  be  rcfltcUd  &om\\.  as'SToiai^i 


Itefraclion. 
(9^)  Vr\ien  a  ray  of  light  falls  upon  the  surface  of  an   un- 
fffrtallUed  transpareut  substance  of  uniform  density,  one  portion 
<d  tbir  light  id  regularly  reflected,  and  another  portion  is  scattered, 
Iir  which  the  snrface  is  rendered  visible,  whilst  a  third  portion  ia 
nitted.     We  will  now  confine  our  attention  to  that  iwrtioo 
"^  the  iighl  which  is  transmitted.     If  the  ray  be  incident  upon 
'  ■■  surface  of  the  botly  in  a  perpendicular  direction,  it  continues 
course  unchanged;  but  if  it  fall  upon  the  surface  obliquely,  its 
'  rcrtion  is  saddenly  altered  as  it  enters  the  transparent  niediun) ; 
iheii  passes  ou  in    its  new  direction  in  a  straight  line,  and  on 
'  iTting  the  medium  it  in  again  abruptly  bent  back  to  its  original 
■  ii«e,  provided  that  the  surface  of  entrance  and  the  surface  of 
i:  he  parallel  to  each  other.     This  change  in  the  course  of  the 
- ,  is  termed  refraction.     If,  in  fig. 
:   n  c  represent  a  section  of  a  plate 
!"  ilasa  with  jiarallel  sides,  a  ray  of 
jrit,  t  L,  incident  upon  it,  will  not 
-■•  *traight  on  in  the  direction  l  x, 
;;  will  be  deflected  to  l  a,  towards 
pcrj^'idicular  p  q,  on   quitting 
.'  racdiam  at  m  it  is  again  bent  out 
,t»  new  direction  i,   y,  towards  e, 
.t  iJiia  time  the  refraction  is  from 
,^r.j.,irliculat   E  o,  and  the  ray 
<:^  parallel  to  its  original 
On  parsing  from  a  rare 
.^^  i.ke  air,  into  a  dense  one   like  glass,  the  ray  w  V\A 
iiae  perpendicular  to  the    common  surface  ot  l\ie  Wo 
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media ;  on  again  passing  out  from  glass 
the  pcrpeitdinular  to  the  same  amouut. 

Different  media  vary  greatly  in  refractive  power  ; 
bodies  in  general  having  the  highei<t  refracting  energy.  It  * 
upon  this  general  observation  that  Newton  founded  his  coajectiDV 
that  diamond  was  'probadly  an  unctuous  substance  coagulttef; 
the  combustibility  of  the  diamond  has  been  since  fully  veritiei. 

{97)  Law  of  Refraction. — The  more  obliquely  the  light  Ub 
upon  the  surface  of  the  refracting  body  the  greater  is  the  1 
of  refraction  which  the  ray  experiences.  The  extent  of  then 
tion,  therefore,  varies  with  the  angle  of  incidence,  but  by  *  k 
ledge  of  the  following  law  it  may  easily  be  calculated  fiar  i 
angles  in  any  given  substance,  if  its  amount  for  any  one  ang 
has  been  care  fully  determined  for  that  particular  substaM 
This  law  of  refraction  may  be  espresscd  by  stating  that  will 
light  passes  from  one  medium  into  another,  '  for  the  sane  t1 
media,  the  sines  of  the  angles  of  refraction  and  of  int 
always  bear  the  same  proportion  to  each  other.'  The  qw 
obtained  by  dividing  the  sine  of  the  angle  of  incidei 
by  the  sine  of  the  angle  of  refraction  in  any  mediaro  expreiMI 
the  index  of  refraction  of  that  medium.  The  incident  and 
the  refracted  ray  are  always  on  opiiosite  sides  of  a  line  drawn 
perpendicular  to  the  common  surface  of  the  two  media,  but  they 
always  He  in  the  same  plane,  and  this  plane  is  perpeudicular  t 
the  Bur&ce  of  the  refracting  medium. 

Fig.  63  may  assist  in  explaining  thi 
important  law.  Let  w  w  represent  1 
section  of  the  refracting  medium, 
incident  ray,  and  L  a  tlie  relracted  one 
Let  V  L  Q  be  the  perpendicular  to  the  r 
fractiug  surface,  passing  through  the  poHl 
of  incidence  l.  With  any  radius, 
describe  from  the  centre  t  the  circle  a  1 
p  ;  from  M  and  k  let  fall  the  perpendi- 
culars u  a  and  a  q,  on  f  g  ;  m  m  will 
j^  ,  then  represent  the  sine  of  the  angle  of 

--  incidence  1  l  f,  and  a  q  the  sine  of  tlie 

angle  of  refraction  a  l  q  ;  and  ^  gives 
the  index  of  rcliiiction,  which  is  nnifornily  the  same  for  the  a 
substance,  whatever  be  the  angle  of  refraction.     Id  the  dianu 
for  instance,  m  n  is  always  ii  times  as  long  as  a  q  ;  in  water  jl 
u  /i  limes  the  length  of  a  q. 

The   following  table   contains  tJ\e  refracllre  pQwers  ^S  *  \i 
bslancesj  tbe  light  being  sujipoMd  to  ^im*  ttata  ^v.'miie^c^w^i 


Water 

Tabasheer 

Biot  aud  Anigo  have  given  the  folloning  values  for  tbe  refrac- 
tJTC  po"cr  of  certain  gases  (Biot,  TraitS  de  PAysique,  III.  306} ; 
the  third  column  furnishes  the  absolute  value  under  a  pressure  of 
iy^j  inches  of  mercury,  and  at  a  temperature  of  32°,  as  compared 
wilh  Ihe  refracting  power  of  water  at  the  same  temperature ;  the 
buTth  column  shows  the  relative  refracting  power  of  the  different 
pse,  uaumiog  them  all  to  be  at  the  temperature  of  3^°,  and  that 
ttA  htts  been  reduced  by  compression  or  rarefaction  till  of  the 
(Jmsity  of  air;  air  being  taken  as  i  00000,  and  the  incident  light 
(ring  supposed  to  pass  from  a  vacuum  into  the  various  media  under 
rutnination. 


HO.ofOM. 

Ob,er.«l' 
8p.  GraTilj. 

■WUtT  =  .-o 

Ai,  =  ... 

Air 

g??*-^ 

>ttroK«> 

Hydrogen 

Ammonia 

CarboDio  Ack]   .... 
Carburvtted  Hvdrogeii    . 
flydrixrliloric  Add      .     . 

'■i03.'-.<) 
0-96913 

0-57073 
1-34740 

0-0005897. 

0000560304 
0000590436 

0000703669 
0000879066 

I  00000 

o-86i6i 

31685. 

t '00476 
3-09370 
I- 1962.5 

Many  familiar  phenomena  receive  an  easy  explanation  from 
I'  U«  of  refraction.  If  a  coin  be  placed  in  an  opaque  vessel, 
il  the  observer  retire  until  the  edge  of  the  hasin  just  hides  it 
'  -n  his  view,  the  coin  will  again  become  visible  if  water  be  care- 
[[y  poured  iu  without  disturbing  its  position ;  the  rays  of  light 
.ipcettiiog  from  the  coin,  which  before  passed  above  the  eye  of 
■  r  olncrrer,  are  now  abruptly  bent  downwards  from  the  perpendi- 
:i3r,  as  they  emerge  into  the  air,  and  the  image  of  the  object  is 
rivcycd  to  the  eye.  The  coin  appears  to  be  raised,  but  never  dis- 
aced  to  the  right  or  to  the  left  of  its  true  position  ;  the  refracted 
,  DDtwitlistuidiug  its  change  of  medium,  continues  in  the  same 
,  which  is  vertical  to  that  which  forms  the  common  surface 
t  the  refracting  media.  For  a  similar  reason  a  straight  stick 
1  obliquely  into  water  appears  to  be  bent  upwards  abruptly 
B  it  ewters  the  liquid. 

I   Siuee  the  refractive  action  is  exercised  at  the  surface  of 


ietgireain  the  labte  are  thosp  on  which  the  ca.\cM\a.\\cn\» 
Hot  sabaeqneat  observMioaa  Imv*.  shown  thut,  VW  ieo»\.\«» 
formmy  ofthegaaea  require  alight  correcUott.  (%  \JifS.^ 


J 


188 


REFRACTION  AT    INCUNID  lUBrACVB. 


junction  between  the  two  media,  and  is  governed  by  tbe  inclina- 
tion of  tbe  ray  'to^  a  perpendicular  to  that  sur&ce,  it  is  manifert 
that  by  altering  the  inclination  of  the  surface  at  which  the  nj 
passes  out  of  the'  medium,  the  inclination  of  the  emerging  ray  m^ 
be  altered ;  so  that,  instead  of  continuing  its  passage  in  a  directin 
parallel  to  the  one  which  it  possessed  on  entrance,  it  may  be  made 
to  deviate  permanently  from  this  to  a  greater  or  less  extent. 

If  o  o  o  (fig.  64),  reprs- 
Pio.  64.  sent  the  section  of  a  triangular 

f  prism,  or  bar  of  glass,  tbe  in- 
cident ray,  i  l,  on  entering 
this  medium  is  bent  towards 
the  perpendicular  p  p :  on 
quitting  it  at  r,  it  is  bent 
firom  the  perpendicular  q  p, 
and  assumes  a  course  r  b,  per- 
manently deflected  from  its 
new  direction  l  t,  and  fiom 
its  original  direction  i  z. 
-^^ '  This  deflection  is  always  to- 

wards the  thick  part  of  the 
prism.  By  employing  two  such  prisms  set  base  to  base,  the  rays 
may  be  refracted  towards  one  common  line,  where  they  would 
cross  and  diverge ;  and  by  using  a  lens  of  glass  (fig.  65),  with  two 
convex  surfaces,  which  are  segments  of  spheres,  the  incident  rays 

Fig.  65. 
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r  L,  R  L,  may  be  caused  to  converge  to  a  common  focus,  f  ;  each 
portion  of  the  curved  surface  refracting  the  ray  in  the  manner  of  a 
plane,  t  t,  t  t,  t  t,  tangent  to  the  curve  at  that  particular  spot  j 
pr  point  of  incidence.  j 

(pp)  In  £&e  passage  of  light  firom  a  AenMs  into  in«&aoEBB^| 
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TOTAL    BEFLECTJON.  JStf 

Jit  (ULSflCs  frooj  glnas  into  air,  the  obliquity  of  the  re- 
f  incresscA  as  the  angle  of  incidence  increases,  until  at 
ed  rajf  becomes  parallel  to  the  common  surface 
J  media.  Light,  which  traverses  the  denser  medium  and 
>  incident  upon  this  common  surface  at  an  angle  more 
c  than  this,  ceases  to  be  refracted ;  refraction  becomes  im- 
nble,  and  the  ray  is  wholly  reflected  within  the  denser  medium, 
c  angle  of  incidence  at  which  this  phenomenon  first  shows  itself 
I  the  avgle  of  total  refiec' 
Id  fig.  66,  let  G  G  represent 
lite  of  glass  with  parallel  sides, 
L  r  A  perpendicular  at  the  point 
I  incidence.  The  incident  ray 
,  inetead  of  passing  to  a',  would 
■  refracted  from  the  perpendicular 
r  7  to  I.  a  OQ  emerging  into  the 
L  would  be  still  more  re* 
frarled  from  l  b',  and  the  refracted 
^rtion  L  b  would  be  nearly  parallel 
■  iih  the  surface  of  the  glass,  whilst 

i:  t  would  be  incapable  of  refraction  at  all,  and  would  be  wholly 
rtJIected  as  to  L  r.  This  phenomenon  is  easily  seen  by  placing 
the  bock  to  the  light  and  holding  a  glass  of  water  a  little  above 
the  lerd  of  the  eye ;  on  looking  obliquely  np  through  the  water, 
K  ipoon,  or  other  object  placed  in  the  glass,  will  appear  to  be 
perfectly  reflected  upon  the  surface  where  the  liquid  and  the  air 
meet.  Tlie  same  thing  is  seen  by  holding  a  glass  prism  hori- 
lantally  before  a  window,  and  tiiming  it  slowly  round  while  the 
obserrer  faces  the  window ;  on  looking  down  into  the  prism,  the 
surface  of  each  face  in  succession,  as  it  becomes  uuder- 
Dst,  reflects  the  light  with  the  brilliancy  of  a  mirror. 
The  diamond  is  indebted  for  much  of  its  brilliancy  to  this 
]  reflection,  becaiise  owing  to  the  high  refractive  power  of  this 
1,  total  reflection  commences  at  small  angles  of  incidence. 
(lOO)  The  determination  of  the  refracting  power  of  a  body  is 
1  a  valuable  guide  in  estimating  its  chemical  purity.  The 
adulteration  of  essential  oils  may  thus  be  often  detected  with  ease, 
where  it  would  otherwise  be  diflicult  to  ascertain  it. 

Wollatton  contrived  a  simple  means  of  determining  the  refrac- 
tive power  of  a  body  in  air,  dependent  upon  the  measureraent  of 
the  uiglc  at  which  total  reflection  commences.    If  this  angle  be  mea- 

£in  a  glaaa  prism,  we  are  furnished  with  the  means  o^  ie\«x. 
tie  r 
■L 


r  tie  rcfmctiye power  of  the  prism  in  air.    Say  ftiat  iVc  a»^^ 
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CLP  {fig.  66),  at  which  total  reflection  of  the  incident  ray  commi 
in  the  prism,  is  found  to  be  39°  10';  the  refractive  power  of 
prism  in  air  ia  calculated  hy  dividing  tlie  sine  of  the  angh 
refraction  by  the  sine  of  this  angle  of  incidence ;  but  the 
of  refraction  at  which  total  reflection  begins  is  always  90° ; 
refractive  power  therefore  is  iJ~-^rn;-  °'^  l'rr^=  ''i^S-  Now,  o 
a  drop  of  any  liquid  to  adhere  to  the  under  surface  of  the  pri 
provided  that  the  refractive  power  of  the  liquid  be  lesa  than 
of  the  glass,  the  angle  of  total  reflection  will  be  increased 
the  prism  Ik  moistened  with  water,  the  angle  of  total 
will  now  be  571°.  The  water  has  a  higher  refractive  poi 
air,  consequently,  the  difference  in  refractive  power  betwi 
and  water  being  less  than  that  between  glass  and  air,  the  an^: 
incidence  required  to  produce  total  reflection  is  greater.  The  re- 
fractive power  of  the  substance  under  trial  may  be  ascert^ned  by 
dividing  the  sine  of  its  angle  of  total  reflection,  under  these  or* 
cumstanccs,  by  the  sine  of  the  same  angle  for  the  glass  prism.  In 
the  case  of  water  the  refractive  power  is  g]°^'^'^  0''£!5-Ht=I"336. 
The  refracting  power  of  solids  with  flat  surfaces  may  be  determined 
in  the  same  way,  by  cementing  them  to  the  surface  of  the  prism 
with  some  material  of  higher  refracting  density  than  the  glaai, 
such  as  balsam  of  tolu. 

Wollaslon's  instrument,  fig.  67,  gives  at  once  the  sine  of  the 
refractive  power  sought,  without  any  calculation. 

Fio.  67. 


I 


On  a  board,  «  6,  is  fixed  a  flat  piece  of  deal,  c  rf,  to  which  by^ 
a  hinge  at  d,  is  jointed  a  second  piece,  d  e,  to  inches  long,  cany< 
ing  two  plane  sights,  g  and  g,  at  its  extrcniities;  at  c  is  a  second 
hinge  connecting  it  with  e  /,  15'Sj  inches  long;  at  the  other 
extremity  of  e  f,  is  a  third  binge  by  wliich/p  is  connected  with 
Jt;  at  i  also  is  B  binge  luiiting  the  rod 
cfe^  to  the  middle  of  e  /;  and  then 


i  i  g,  which  is  half  the  lengtlu 
,en,  smcc  y  ■move*.  \\\  ».  t«nn 


^aKilLYSIS   OF    LIGHT.  Ill 

y,  ft  line  joining  e  anJ  if  would  be  perpciuliciilar  to  fg.     Tlie 

ted  baa  a  cavity  in  tbe  middle  of  it,  so  that,  wlien  any  suli- 

!  i»  applied  to   the  under  sui-face  of  the  rectangular  glas* 

I,  t,  the  prism  may  contioue  to  rest  horizontally  on  its  eslre- 

Whcn  e  d  has  been  bo  elevated  that  the  yellow  rays  in 

ngo  of  colours,  olwervable  where  perfect  reflection  terminates, 

I  through  the  sights,  the  point  g,  by  means  of  a  vernier 

carries,  shows  upon  the  rule/ j,  which  is  graduated  to 

s  of  an  inch,  the  sine  of  the  refractive  power  sought.     The 

I  uf  tbe  pieces  e/  and  d  e  are  proportional  to  the  sines  tliat 

•cut  tlic  refractive  powers  of  the  prism  and  of  air.     If  the 

d  line  at  p  be  a  perpendicular  to  the  reflecting  surface,  /  p  will 

snt  the  incident  ray. — {Phil.  Trans.,  1802,  p.  367.) 

B  (bUowing  table  contains  some  of  the  results  obtained  by 

with  this  instrument. 


Bc&active  power  of  Flint  Glass  Prism,  p, 


■■583- 


Oil  of  Sassafras    . 

■■53« 

Oil  of  Turpentine 

1-476 

OilnfClorea.     . 

■'535 

Rectified  ditto      . 

1470 

Canada  lialsam    . 

I-J38 

Oil  of  Almonds    . 

1-470 

Capiri  Balsam      . 

•S"! 

„     Olives  .     . 

1-469 

OU  of  .4mber  .      . 

'■505 

„     Peppermint 

1-468 

„      Nutmeg     . 

1-497 

„     Lavender   . 

1-467 

„      Linseed      . 

■■4S5 

Melted  Spermaceti 

1-446 

„     Lemons 

1-476 

Sulphuric  Acid     . 

'■43s 

Wallaston  mentions  that  genuine  oil  of  cloves  had  a  refractive 
"cr  of  r535,  but  that  some  of  inferior  quality,  which  had  pro- 
.■■)fj  been  adulterated,  had  a  refractive  power  of  only  i'498. 

(101)  Priamatic  Analysis. — Upon  examining  light  that  has 
liergone  refraction  by  a  prism,  it  ia  found  that  mere  change  in 
"vtion  is  only  one  of  the  phenomena  observable.  Suppose  a 
\ai  of  light,  as  represented  at  s  l,  fig.  68,  be  admitted  through 
iiual)  slit,  B,  into  a  darkened  room,  and  be  there  received  upon 
prisni,  p  i  if  the  light,  after  transmission  through  the  prism,  be 
!  )wnl  to  fall  upon  a  white  screen,  v  r  x,  placed  at  a  distance  of 
;'il  or  ten  feet, — instead  of  a  narrow  slit  of  wlule  light,  x,  cor- 
jioodiug  to  the  aperture,  an  elongated  coloured  image  of  the 
rartetl  beam  is  seen,  as  at  v  r,  terminated  by  parallel  ends,  and 
li'iiliiig  the  brilliant  hues  of  the  rainbow.  This  elongation 
irv  in  the  plane  of  the  reflected  and  refracted  rays.  Such  a 
i  iatMgff  is  tcnnod  the pritmatic  spectrum. 

,  who  £rat  careful!/  investigated  this  teraatVa\i\ti  W^., 


dUtuiguislied  seven  different  colours,  which  gradually  shade  d 
into  the  other,  viz.  violet,  indigo,  blue,  green,  yellow,  orange « 
"White  light  uiay  therefore  be  regarded  aa  the  result  of  a  □ 


of  rays  of  different  colours,  which  are  unequally  acted  upon  bv 
prbm.  Each  colour  has  its  own  peculiar  refrangibility;  the  rod 
whiclh  deviates  the  least  from  its  original  course,  is  least  refrangible 
and  the  violet  the  most  so ;  whilst  the  intermediate  colours  posse* 
intermediate  degrees  of  refrangibility.  Having  once  been  separated 
by  refraction,  no  second  refraction  is  capable  of  further  decora* 
posing  any  of  these  colours.  They  may,  however,  be  recombined 
by  using  a  second  prism,  in  an  inverted  position  (as  shown  by  tiw 
dotted  lines  at  q,  fig,  68},  or  by  employing,  what  amounts  to  the 
same  thing,  a  convex  lens,  in  which  ease  white  light  is  reproduced 
at  the  focus  of  the  lens.  The  composition  of  white  light  may  be 
illustrated  by  dividing  a  circular  disk  of  paper  into  seven  secton^ 
each  of  an  extent  corresiKindiog  with  the  extent  of  the  colour 
the  spectrum,  and  painting  each  with  its  appropriate  colour ;  on 
causing  the  disk  to  rotate  rapidly  upon  an  axis  passing  verticallj 
through  its  centre,  the  seven  impressions  will  be  given  simultancotulr 
to  each  point  of  the  retina,  and  the  paper  will  appear  to  bo  of  a 
grej-ish  white.  The  impossibility  of  obtaining  pigments  of  the  eucC 
hue,  or  of  the  brilliancy  of  the  coloured  light  of  the  apectmn^ 
renders  a  pure  white  unattainable  by  this  means. 

(102)  Thfortj  of  Colours. — Upon  this  decompoeability  of  wfaite 
light  Newtou  founded  his  explanation  of  the  colours  of  natuni 
objects: — The  objects  are  thenischcs  devoid  of  colour,  but  wl 
placed  ill  white  light  they  absorb  the  rays  of  one  or  more  colonra, 
and  reflect  the  real :  the  object,  therefore,  appears  to  be  ctf  tlw 
cvlour  that  would  be  produced  by  the  ray  or  mixture  of  rays  whicb 
"cScvts;  green  objects,  for  examp\e,  u^KotXi  iVo  t(A  xwi^  vcj 
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1  fte  yellow  and   the  blue ;  purple  absorb  the  yellow,  and 

t  the  red  and  the  blue.      The  rays  thus  absorbed  are  said  to 

Kampteittenlaiy  to  those  that  are  reflected ;  a  eomplcmeutary 

r  being  always  that  tint  which  wlieu  added  to  the  primary 

r  upou  the  eye  would  constitute  white  light.     This  theory  of* 

9  may  be  illustrated  by  placing  any  coloured  object  in  light 

e  tint,  or  homogeneous  light,  as  it  is  called,  such  as  that  of  an 

I  portion  of  the  spectrum.     A  green  object,  for  instance, 

B  placed  ID  the  blue  rays  will  appear  to  be  blue;  if  placed  in  the 

1  rays  it  will  appear  to  be  yellow  ;  and  a  white  screen,  which 

e  power  of  reflecting  all  the  colours,  will  take  any  tint  iu  suc- 

m,  according  to  the  colour  of  the  incideut  ray.     An  object  of 

■  pure  rcd,oiitlie  contrary,  will  appear  to  be  black  in  any  but  the  red 

If,  becsuse  it  absorbs  all  the  other  colours  as  perfectly  as  charcoal 

r  black  rclvet  absorbs  white  light  or  rays  of  all  colours. 

Hence  it  appears  that  white  light  may  be  decomposed  by  absorp- 
vja,a&  well  as  by  refraction  or  prismatic  analysis.  By  transmitting 
vbite  light  through  transparent  coloured  media,  we  may  obtain 
nfi  of  &Dy  given  tint;  the  light  thus  obtained  ia  not  always  the 
aae  as  that  produced  by  prismatic  analysis;  by  transmission 
thmogli  a  coloured  niediuiOj  a  green,  for  instance,  may  be  obtained, 
TTich  may  either  be  identical  with  the  green  separated  by  the 
-yta,  and  then  it  cannot  further  be  separated  into  blue  and 
■  How  ;  or  it  may  be  a  compound  colour  resulting  from  tiie  inter- 
ii\ture  of  rays  of  different  degrees  of  refrangibility,  and  in  this 
.  se  it  is  susceptible  of  further  decomposition.  The  coloured  light 
'.:vt  is  obtained  by  absorption  is  seldom  so  pure  as  that  furnished 
y  prismatic  decomposition. 

Oladstune  (Q.  J.  Chem.  Soc,  x.  79)  has  made  some  interesting 

S-cr»ations  upon  the  relation  esisting  between  the  chemical  com- 

.'I'ition  of  a  body  and  the  absorbent  effect  which  it  exerts  upou 

^iiainitted  light.     His  experiments  were  made  upon  substances 

RoIutioD  which  were  placed  in  a  wedge-shaped  vessel  or  hollow 

lan,    with  the  view  of  ascertaining  the  influence  of  different 

r-ckncsscs  of  liquid  upon  the  incident  light.     A  beam  of  diffused 

^-lit  was  admitted  through  a  vertical  slit  into  a  darkened  chamber, 

<:l  the  line  of  light  thus  obtained  was  allowed  to  fall  upon  the 

I  <«!l  held  with  the  tliin  edge  of  the  wedge  downwards,  so  that  the 

■111  iinsjed  through  different  thicknesses  of  the  solution,  from  the 

■ilm  to  a  stratum  of  an  inch  iu  depth.     The  transmitted 

liien  eiamiued  by  means  of  a  good  prism.     The  light 

3  throagh  the  thinner  strata  yields  a  BpcclnxTO  ^eT^etsW"^ 

r  Lut   little  from    that   of  daylight ;  but  iWt  'sV^Ai  >Aas 
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traversed  greater  Jepths  of  liquid  exliibitB  a  rapid  disappeftraue 
certain  portions  of  tlie  rays,  whilat  other  rays  are  bitt  little  affecwd. 
Fig.  69,  I  allows  the  spectrum  obtaiued  bj  traQsniittiog  a  beam  oC 
daylight  through  a  dilute  solution  of  a  salt  of  cobalt,  which  appeanj 
to  be  of  a  delicate  rose  colour  to  the  unaided  eye.  The  same  uk 
in  more  concentrated  solutions  appears  to  be  of  a  rich  blue,  Bii4 
exhibits  a  spectrum  shown  69,  3,  which  represents  the  appeanmdt 
of  the  spectrum  furnished  by  a  strong  solution  of  the  chloride  c^ 
cobalt  in  alcohol.  The  letters  correspond  to  those  of  Fraunhofct^ 
lines  (io_)),  the  right  hand  side  of  the  figures  indicating  the  red  ra) 
of  the  spectrum ;  the  lower  part  of  the  figure  shows  the  effect  ill 
the  thinnest  stratum  of  liquid. 


U     Q-   F   iEJ>: 


It  was  ascertained  from  an  extensive  series  of  observations  mad 
in  this  maimer,  that  when  the  salts  formed  by  the  unioo  of 
coloured  base  with  different  colourless  acids  were  examined,  tl 
compounds  of  the  same  base  nearly  always  exhibited  a  aitntlar  a] 
sorbent  actiou  upon  the  spectrum.  Even  in  dichromic  media,  | 
solutions  which,  under  certain  circumstances,  appear  to  the  ansid( 
eye  to  tram^mit  light  of  one  tint,  and,  under  certain  other  ctrcfttt 
stances,  to  transmit  light  of  a  different  tint,  this  law  generally  hoU 
good.  An  exemplification  of  this  fact  is  seen  in  the  case  of  the  nil 
of  the  sesquioxide  of  chromium,  some  of  which  exhibit  a  green  trfdoi 
when  in  solution,  others  a  red  or  purple  hue.  Now  all  them  nil 
exliibit  a  spectrum,  the  general  form  of  which  is  shown  iu  fig.  jt 
in  «1i>eli  tlie  indigo  and  the  green  rays  are  soon  cut  off,  whilst  III 
red  and  bluish-green  rays  arc  comparatively  little  affected.  B 
some  salts,  such  as  the  acetate  of  chromium,  the  green  rays  ars  dl 
eorbed  much  more  rapidly  than  the  red,  and  heuce  thcsn  a  ' 
have,  even  in  thin  layers,  n  rr-'l  —  v-—-  f-(t,^~-  ;■ 
jf  chromium,  are  gKvu 


ays  ars  d| 
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%at  lool  ned  or  purple  wlien  viewed  in  considerable  maas  t 
fitted  ligbt. 

B  salts,  eveu  tbongli  their  solutiong  have  but  little  coloui 

i  very  characteristic  spectra.     This  is  particularly  the  case 

blutiona  of  didymium,  which  are  of  a  feeble  rose  colour,  but 

Jiibit  two  very  black  liaea,  oue  in  the  yellow,  the  other  iu 

Tlieae  lines  are  visible  in  the  spectrum  eieu  when  the 

1  is  very  dilute,  and  they  may  be  employed  to  indicate  the 

e  of  small  quantities  of  didymium  iu  solutions  of  latithanam  ^ 

1  which  no  such  lines  occur. 

I  arli5cial  flames  it  is  very  generally  the  case  that  cerraul 

e  present  in  smaller  proportion  than  others,  and  are  even  ' 

I  altc^ether  wanting.     Nitrate  of  strontia,  for  instance, 

I  red  tint  to  burning  bodies ;  and  the  prism  shows  that  in 

jbt,  tlie  blue  and  violet,  or  more  refrangible  rays,  are  siugu- 

Common  salt  produces  in  burning  bodies  a  nearly 

I  homogeneous  yellow  light,  which  may  be  used  to  illus- 

rvations   just   made   upon  the  cause   of   colour  in 

The  brilliant  colours  of  insects  or  of  the  plumaj^e 

Btraugely  on  the  eye  when  seen  in  this  yellow  light. 

latic   analysis   of   white  light,  which  has  just  been 

Hi  not  due  entirely  to  the  refractive  power  of  the  body 

"i  effected.     Another  element  of  great  importance  is 

e  power,  which  is  independent  of  its  refraction.      Two 

B  may  possess  an  equal  amount  of  refi'acting  power,  in  coii- 

e  of  which  the  mean  deviation  of  the  rays  transmitted  will 

t  aame,  and  yet  the  spectra  which  they  furnish  may  be  of  very 

1  lengths.    If  a  hollow  prism  be  made  of  plates  of  glass,  and 

rith  oiJ  of  cassia,  the  s)>ectrum  which  it  produces  will  be  more 

Uouble  the  length  of  that  furnished  by  a  similar  prism  of  flint 

t  The  dispersive  power  of  oi!  of  cassia  is  much  greater  than  that 

kt  gUfls,  especially  for  the  more  refraugible  rays  from  f  to  u, 

t  there  is   a  great  difference  in  the  length  of  the  two 

1,  though  the  mean  refractive  powers   of  the  two   media  do 

r  materially.      The  comparative  lengtlis   of  these  spectra, 

i  {rota  prisms  of  equal  angles,  are  given  in  fig.  71.  No. ) 

f.  neetnun  of  oil  of  coasia ;  2  that  of  flint  glass. 

Fio.  71. 
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In  tlie  construction  of  achromatic   lenses,   two   me^a  «1 
difier  in  dispersive  power  are  employed ;  by  this  means  the  fria 
of  colours,  vhicli  is  always  perceptible  around  the  margin  of 
object  viewed  by  an  ordinary  lens  of  liigb  magnifying  power, 
removed. 

Gladstone  and  Dale  [Phil.  Trans.,  185S,  p.  330)  have  recent 
published  the  results  of  an  inquiry  into  the  influence  of  tempei 
ture  upon  the  refractive  and  dispersive  power  of  bodies  upon  ligh 
They  find  that  the  refractive  index  diminishes  in  every  substoo 
as  the  temperature  iucreases.  The  degree  of  this  aentitiveneu 
the  effect  of  heat  varies  much  in  diflcrent  subatances;  melted  phi 
phorus  and  bisulphide  of  carbon  being  the  most  sensitive,  and  wa 
the  least  sensitive  of  the  bodies  experimented  on  by  them.  1^ 
sensitiveness,  however,  is  independent  of  the  refractive  or  the  A. 
persive  power  of  the  substance;  ether,  for  example,  being  much 
sensitive  than  water  to  the  action  of  heat,  though  the  refra^ 
and  the  dispersive  powers  of  the  two  liquids  are  nearly  the  ; 
Those  bodies  which  expand  most  by  heat  are  generally  tlie 
sensitive.  No  sudden  change  of  sensitiveness  has,  however^ 
observed  on  the  approach  of  the  liquid  to  the  boiling  point, 
length  of  the  spectrum  also  decreases  as  the  temperature  riseti; 
efTect  of  heat  being  most  marked  in  those  substances  whtdi  % 
the  highest  dispersive  power. 

In  some  substances  the  dispersive  power  is  diminished  hf 
of  temperature,  as  in  bisulphide  of  carbon ;  in  others,  as  H 
case  with  water,  the  dispersiveness  increases  with  the  riM 
temperature. 

(103)  Fixed  Lines  in  the  Solar  Spectrum. — When  the  tt 
spectrum  is  received  in  the  usual  way  upon   a  white   screeoj 
appears  like  a  continuous  band  of  coloured  light;  by  taking  due  j 
cautions  (8S9),  however,  it  may  be  seen  that  this  luminous  baiw 
traversed  in  the  direction  of  its  breadth  by  several  hundred  bit 
lines,  varying,  in  different  parts,  in  width  and  distinctness.     Hi 
are  independent  of  the  nature  of  the  refracting  medium,  and  OC 
always  in  the  same  colour,  and  st  corresponding  points  of 
spectrum.     No   satisfactory  explanation   has  yet  been   found 
the  cause  of  this  remarkable  phenomenon ;  but  these  lino*  luf 
aSbrded  fixed  points  of  the  greatest  value  to  optical  research, 
enabling  the  observer  to  determine  with  rigid  accuracy  the  refti 
tive  indices  of  a  great  variety  of  bodies,     A  few  of  llie  more 
portant  lines  are  seen  in  t,  fig.  72.     It  is  found  that  the  poaitii 
tliive  Jiaea  rarJus  with  the  source  of  tUe  Ui^lit  ■.   each  of  l| 
,£xed  stxra  bus  a  system  of  Uuet  o£  ita  owtv,  wv4.  iiveri  «.i^%i 


ne  peculiarity  in  this  respect ;  for  iuatance,  the  green 
tticed  hj  barniiig  a  solution  of  ciiloridc  of  copper  ia  alcohol 
itoin  of  lines,  fig.  yi,  5,  which  differs  widely  froi 
ly  the  green  light  obtained  by  the  combiistiou  of  an  alco- 
ion  of  Iwracic  acid  shown  at  6.  In  short,  the  chemical 
ttie  Bubetanee  has  a  very  important  influence  on  the  kind 
iilch  it  emits,  Each  of  the  metals,  iu  burning,  gives  out 
peculiar  and  distinctive  colour;  and  in  each  case  certain 
f  the  spectrum  are  wanting :  in  these  points  dark  and  per- 
l-defined lines  cross  the  luminous  band.  Solar  light, when 
ed  through  vapours  of  different  colours,  and  analysed  by 
exhibits  lines  which  vary  in  position  and  intensity  with 
of  the  vapour  which  it  has  traversed.     In  fig.  73,  No.  i 


'reen   ^^H 

that     ^H 

Bin.,  " 


principal  dark  lines  of  llie  pmo  solar  apectrura  ;  2  repre- 
efiect  of  bromine  on  the  solar  ray;  while  3  shows  the 
ait  result  furnished  by  peroxide  of  nitrogen,  which  in 
1  scarcely  be  distinguished  from  the  va|K)ur  of  bromine ; 
the  effect  of  transmitting  the  sun's  rays  through  the  green- 
perdiloridp  of  manganese.  These  lines  do  not  alter  their 
irfaen  •  different  source  of  light  is  employed  ;  the  system 
Mculiar  to  the  source  of  light  occurs  without  interfering 
I  prodnoed  hv  the  absorjttive  action  of  the  va^at. — 

,,  ,Sjs-  ."•■"■' »'. 

Ohti^e ix  l/ie  R/^rangHjllifn  of  L'ujhl,  F/ilorpucence. — K.  ' 
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remarkable  discovery  was  made  by  Stokes,  whilst  engogei]  in  pn^' 
suing  tbe  observations  of  Sir  J.  Herscbel  upon  the  effect  of  li^' 
upon  an  acid  aolulion  of  sulphate  of  i]uiuine.  Tliis  liquid  is  colouNi 
less  wheu  viewed  by  transmitted  light,  but  if  placed  in  a  glass  and] 
looked  at  from  above,  it  exhibits,  when  exposed  to  direct  light,  a] 
beautiful  and  intense  blue  upon  its  front  surface ;  but  the  light 
has  passed  through  one  vessel  containing  the  sulphate  eKhihita 
such  appearance  on  the  front  face  of  a  second  vessel  of  the  liqt 
which  is  similarly  exposed  to  it.  Now,  the  rays  which  prodi 
this  beautiful  blue  colour  are  not  tbe  ordinary  blue  rays,  but 
been  found  to  be  those  of  the  most  refrangible  portion  of  lift 
spectrum,  which,  under  ordinary  circumstances,  are  not  percep* 
tible  to  tbe  eye,  but  which  are  remarkable  for  their  powerful  ehrmi* 
eal  action,  and  which  show  their  presence  by  their  chemical  effect 
upon  a  surface  coated  with  chloride  of  silver,  or  with  some  other 
photographic  preparation, 

Stokes  (Phil.  Tram,,  1852,  p.  468)  found  that  if  a  tube  filM 
with  a  solution  of  sulphate  of  quinine  were  placed  successively  n 
each  of  tbe  colours  of  the  prismatic  spectnim,  '  throughout  naiif 
the  whole  of  the  visible  spectrum  tlie  light  passed  tlirough  thi 
fluid  as  it  would  have  done  through  so  much  water,  but  on  arririn^: 
nearly  at  the  violet  extremity,  a  ghostlike  gleam  of  pale  bine  Itgl^ 
shot  right  across  the  tube.  On  continuing  to  move  the  tnbe,  tli9' 
blue  light  at  first  increased  in  intensity,  and  afterwards  gradoollf. 
died  away.  It  did  not,  however,  cease  to  appear  until  the  tube 
had  been  moved  far  beyond  the  violet  extremity  of  the  spectrum 
visible  on  a  ecreen.'  On  examining  by  a  second  prism  the  dw- 
persed  light  thus  obtained,  it  was  found  that  it  contained  nyi 
extending  over  a  considerable  range  of  refrangibility  within  tfafi 
limits  of  tbe  visible  spectrum  ;  but  the  least  refrangible  rays, 
those  of  the  red  end  of  the  spectrum,  were  wanting. 

This  power  of  changing  the  refrangibility  is  by  no  means  0 
common,  especially  amongst  organic  substances,  most  of  which  slwt 
it  in  a  degree  more  or  less  marked.  The  change  is  not  confined 
the  invisible  rays,  but  extends  also  to  those  already  \'iGiblc,the  niQ 
refrangible  being  generally  the  most  alFeited,  but  it  is  not  limito 
to  this  portion  of  the  spectrum,  for  with  an  aleuliolic  solution  0 
chlorophyll  the  effect  is  seen  to  commence  in  tbe  red  rays.  It  i^ 
however,  to  be  remarked,  that  as  yet,  in  every  instance,  the  altered 
ray  gives  rise  to  others  which  are  le»a  refrangible.  Tlie  change 
never  to  rays  of  greater  refrangibility. 

Amount  the  bodies  in  whict\  this  vhc&omeivoQ  vs  moat  etrikin^lj 
uhibited,  may  be  mentioned,  decoction  oS  One  VwxW  al  "Aift " 


■ul  (which  containa  the  vegetable  principle  termed  e3Culin)W 
Icoholic  tiacture  of  the  greea  colouring  matter  of  leaves^ 
■re  of  the  seeds  of  stramonium,  and  tincture  of  turmeric.  Many 
ke  substances,  when  spread  upon  paper,  form  surfaces  which, 
M 13  a  screen  for  receiving  the  solar  spectrum,  exhibit  a  pro- 
nioQ  of  the  more  refrangible  end  far  beyond  the  violet  and 
Uer  rays  which  are  visible  on  ordinary  white  paper ;  and  with 
BKcaution  (889)  the  fixed  lines  of  this  prolongation  may  be 
Bcttv  seen.  A  slip  of  ivory  makes  a  very  good  screen  for 
Ipnrpose.  Glaas,  coloured  yellow  with  oside  of  uranium, 
Inliiluts  these  pbcuomcna   in  a  very  striking  and  beautiful 

piu  light  of  many  artificial  flames  which  are  of  feeble  illumi- 
K^wer  often  contains  beams  fitted  to  exiiibit  this  kind 
■Ctiou  in  refrangibility  in  a  remarkable  manner.  The  tiame  of 
fcunoa  spirit  lamp,  and  that  of  burning  sulphur,  are  especially 
■nable,  A  weak  infusion  of  horse-chestnut  bark  poured  into 
pil  jw  of  water,  esliibits,  if  illuminated  by  sulphur  when 
P™g  in  oxygen,  beautiful  waves  of  phosphorescent  light  as 
KJM  liquids  mingle,  owing  to  the  dis)iersion  of  the  tight  rendered 
HMBAb  esculiu  in  solution.  In  the  same  way,  characters 
^^^^Uncture  of  stramonium  on  wiiite  paper,  and  nearly 
^^^fv^light,  when  exposed  to  the  light  of  burning  sulphur, 
Ivcmiictly  upon  the  paper  in  lines  of  a  pale  blue  phos- 
pwsot  light. 

■/•«  »ppearance  produced  by  this  change  in  the  rcfrangibili 
Vw^  i>  termed  Jluoreacence,  and  bodies  which  have  the  powerj 
Pfetiug  it  arc  spoken   of   as  fluarescertt  substauces.      If  t1 
P*'''  light  be  polarized  {i  13  et  seg.),  the  dispersed  light  of  tl 
baiKDt  body  is  found  to  have  entirely  lost  the  poll 
BKl    llenK  it  seems  to  be  almost  certain  that  the  rays  which'! 
B>*  fluoreicence  are  first  absorbed  and  then  re-radiated,  but 
pUBition  of  lower  refrangibility. 

I  Vltfn  ilie  fluorescent  property  of  a  body  is  but  feeble,  Stokea 
bkdwfollowiog  means  to  be  used  for  its  detection: — Place  over 
■l^^i  the  shutter  of  a  darkened  room  a  transparent  body, 
^^^Hit>  only  feebly  luminous  rays  and  rays  of  high  refran- 
^^^H^ect  a  second  medium  which  alHtorhs  as  completely 
^^^^MTb  transmitted  by  the  first,  whilst  it  transmits  those 
^^^Hn  absorbed  by  the  first.  If  these  media  he  well 
^^^^nt  will  traverse  the  second  screen,  ^ow,  VuWiy^iaa 
^BStiwo  aereens,  the  object,  the  iluoresceuce of  ^\\\c\v  w Xo 
n&cif/  atBooaas  this  is  doue,  the  object  wVU  ap^eat  to 
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more  or  less  luminous,  according  to  the  degree  in  wtiich  it 
the  property  in  question. 

These  highly  refrangible  rays  do  not  pass  readily  tlirough 
glass.  By  employing  a  prism  of  quartz  and  lenses  of  the  sunt 
materia],  rays  liave  been  found,  in  the  examination  of  lights  from 
diflei-eut  sources,  which  extend  far  beyond  the  limits  of  the  toht 
spectrum.  The  invisible  rays  in  the  solar  spectrnm,  for  exaiu|i]e, 
e.\tei]{l  beyond  the  violet  extremity  of  the  spectrum  for  a  disttuice 
about  equal  iu  length  to  that  of  the  luminous  portion ;  but  in  ths 
electric  light  obtained  by  the  ignition  of  charcoal  points,  the 
invisible  spectrum  can  be  traced  nearly  six  times  as  far.  By  intCN 
posing  a  coloured  absorbent  medium,  such  as  chlorous  acid  gw,  in 
the  track  of  the  beam  before  it  is  transmitted  through  the  prbm, 
fixed  dark  lines  can  be  traced  at  different  pointa  through  thil 
greatly  elongated  spectrum. 

(105)  Prismatic  analysis  of  the  solar  beam,  however,  disdoMl- 
to  us  other  phenomena  besides  the  separation  of  light  into  portioBC 
of  different  c^loura.  The  radiations  from  the  sun  contain  nut  only 
lumioiferouB  ray:*,  but  they  are  accompanied  by  a  large  amount  tj' 
heat,  and  the^e  rays  of  heat  are  Kusceptibte  of  refraction,  like  t~ 
of  light ;  though  as  they  are  for  the  most  part  less  refrangible 
the  rays  of  light,  the  culoiiKc  or  heating  rays  are  most  abuadaot 
near  the  red  end  of  the  spectrum ;  and  a  large  proportion  of  tb* 
rays  of  heat  are  less  refrangible  than  any  of  the  rays  of  light,  and 
fall  in  the  dark  space  beyond  the  red.  Besides  the  rays  of  be«t 
and  light,  the  spectrum  contains  rays  which  exert  a  powerfuL 
chemical  eSeet  on  growing  plants,  and  on  many  metallic  UH 
other  compounds ;  these  occur  in  greatest  abundance  in  the  mov 
refrangible  portions  in  and  beyond  the  blue  and  violet  rays. 

The  complex  nature  of  the  solar  spectrum   may  be  furtlici 
illustrated  by  its  action  upon  phosphorescent  bodies. 

(106)  I'liosplwrogmic  Rays. — A  certain  number  of  bocKea  U< 
known  which,  although  they  do  not,  under  oixlinary  circumstanoci 
emit  light  in  the  dark,  yet,  afler  exposure  to  the  solar  ray,  contintM 
without  midergoing  any  perceptible  chemical  change,  to  be  fiunti] 
luminous,  after  having  been  removed  to  a  darkened  room,  for  ai 
interval  varying  from  a  minute  fraction  of  a  second  to  several 
hours.  Amongst  these  substances  Canton's  pkotp/wna,  or  sul- 
phide of  calcium,  Baldwin' »  phosphorus,  or  fused  nitrate  of  Itmc^- 
and  BohffJia  stone,  which  is  a  sulphide  of  barium,  have  been  long'' 
known  ;  but  tlie  researches  of  E.  Bccquercl  {Ann.  de  Chime,  III» 
Iv.  5,  and  Ivii.  40]  have  shown  that  tlus  property  i»  far  nofB 
common   th&u   is  usually  supposed,  though   the  dumtiuu   of  ttift 


ntn  Tarieties  of  diamond,  and  of  fluor  spar  show  it 

I  also  exlilbits  it  powerfully,  though   but  for   a 

,  and  it   is  equally  marked   whether   the  alumina  be 

iied,  as  in    ruby    and    sapphire,    or   amor[jhotis,   as    when 

r  precipitated.     It  is  worthy  of  note  that  silica  does  not 

C  this  property  in  any  of  its  forma  ;   but    the  salts   of  the 

ilies,  and  of  the  alknline  earths,  generally,  show  it  strongly; 

it  other  transparent  objects,  particularly  those  of  organic  origin, 

sugar,  tartaric  acid,  and    quinine,   likewise  possess    the 

er,  Uiough  in  a  much  more  feeble  degree.  Bodies  of  dark  colour, 

i  metals,  generally,  do  not  show  it. 
It  has  been   remarked  that   all   phosphoreseent  solids  lose  the 
iWTT  of  emitting  light  when  they  are  brought  into  solution.    In- 
fed,  tlie  liquid  form  seems  to  be  unfavourable  to  its  display ;   for 
•olid  bodies,  such  as  hydrate  of  potash    and    nitrate  of   uranium, 

■  ■;cb  melt  at  a  moderate  heat,  lose  the  property  whilst  fused,  but 
■jro-  it  again  immediately  that  they  become  solid. 

Some  gases,  and  more  particularly  oxygen,  when  enclosed  in 
eIms  tubes  and  subjected  to  the  transmission  of  electric  sparks, 
(ihibit  a  phosphorescence  which  lasts  for  a  few  seconds.  Faraday 
ivribea  the  luminous  trail,  which  is  sometimes  observed  upon 
load  after  the  passage  of  a  flash  of  lightuing,  to  a  brief  phos- 
'  irescence  of  tlic  portion  of  the  atmosphere  which  the  flash  has 
...eTBed. 

Some  of  the  phenomena  of  phosphorescence  may  be  observed 
;.  selecting  one  of  those  phosphori  which  retains  its  luminosity  for 
me  time,  sucli  as  sulphide  of  calcium,  and  after  it  has  ceased  to 
.;l  light  in  the  dark,  sprinkling  it  in  powder,  over  a  piece  of 
■■iKf,  in  a  darkened  room,  and  submitting  it  to  the  action  of  the 
jf  epectnim;  phosphorescence  will  be  produced  in  it,  but  by 
<■  more  refrangible  rays  only.  There  are  two  maxima  of  iliu- 
nation,  one  of  which  is  within  the  blue  and  violet  portion  of 

■  c  ipectnun;  the  other  is  beyond  the  termination  of  the  violet. 
-,"i  fig.  73,  the  stripe  1  represents  the  diffusion  of  light  in  the  solar 


rum,  wbiht  3  gires  the  points  of  masimum  p>iosp\\otfe*cev\tt 
«"jpfc«fe  ofcaldam  corresponding  to  the  Vumiuoiia  &igecAx^v 


i 


BBCqUERBL's    PHOSPBOHOSCOPE. 

The  flash  of  an  electric  spark,  made  to  pass  bo  that" 
shall    fall    upon  a  piece  of  paper  thus   prepared,  is  suffid 
render  phosphorescent  the  whole  exposed  surface  of  the  i 
If,  liowever,  the  paper  be  partially  covered  by  a  plate  of  evet 
most  transparent  glaf^s,  the  screened  portion  will  not  eiihibitS 
phosphorescence,      A  screen  of  rock  crystal,  however,  producer  j 
such  absorbent  effect,  all  the  portions  of  the  prepared  surface  b 
in    this  latter  case  equally  luminous.      The  light  emitted  ' 
charcoal  points  ignited  by  a  voltaic  current,  if  it  be  only  i 
taneouB  in  duration,  is  equally  nnahle  to  penetrate  glass  so  l 
produce  phosphorescence,  although  it  traverses  rock  crystal  i 
The  solar  rays,  hoHever,  traverse  either  medium  equally,  wU 
loss  oi  phosphoroyenic  power,      A  long  continued  voltaic  light  J 
duces  a  similar  result.      Glass   is  only  less  perfectly  pcni 
than  rock  crystal  to  the  pbosphorogenic  rays  that  accompany  • 
lumiuous  ones. — (E,  Becquerel,  Ann.  de  Chimie,  III.  ix.  314.) 

An  ingenious  instrument  has  been  devised  by  E.  Becquerel  {( 
the  purpose  of  observing  phosphorescence  of  very  brief  durationJ 
One  of  the  forms  oith\»pho»phoroscopv,B;s  he  terms  it,  is  represente 
both  in  section  and  in  plan  iu  fig.  74,  i  and  2,     It  consist*  of  1 

Fio.  74. 


circular  box,  a  b,  of  al>out  sii  inches  in  diameter,  npon  the  centre 
I  of  the  floor  of  which  the  object  to  be  tested,  p,  is  placed ;  this  boi 
is  provided  witli  a  fixed  lid,  » t,  in  which  are  two  apertures,  m,  «, 
near  the  circumference,  and  on  opposite  sides,  as  shown  in  tlte 
plan,  3. 

Ill  orJer  to  use  the  instrument,  it  is  placed  in  the  abutter,  w 
/"a  dtxrkeaed  roam,  so  that  one  kaUof  iVie  box  t.\vii!l^.\RW>i£t:&' 


^^LbMssco,  »  lMHaflfi^^i,M^erter  iWkir  ■  m,amiem 
^■DDCoitissed.  i£  meatmgy.if  s  Jew,  vpa  tfe  otsco,  ^  «^ 
^^LhonneKS  of  wkkk  k  lo  fe  tned.  As  ahMwa,  rtiTioBrf 
^Hu  tfaedaAnw  t  a,niH  wg  d»  ohfeet  tfcw^  Ae  scomJ 
^^barr,  K.  Beneath  tU»  faei  U.  kwwj,  »  fhtei  m  mbg^ 
^^Bnble  ooTcr,  whidi  fajr  ■«■•  «f  «kct-«a*k  am  be  nade  to 
^Hkt  n{udlj  in  a  pbnc  pvdU  to  tkM  of  tW  fixed  fid.  In  tte 
^^■tving  cover  are  tkm  ofonp^  1,1,},  dMwa  in  the  flmm. 
^^^Bb  UMiUfiood  n  nc  to  tae  fixed  a|cnaR^  wt^  a,  bat  aic  ntoatcd 
^^Ktgalsr  distaiice*  e(  iso"  froaa  cac^  otber:  ao  that,  whenCTCc 
^^^fe  u  entering  br  tbe  oater  ^ertan^  n,  is  the  fiied  lid,  the 
^^Br  a{ierture,  a,  ia  doaed ;  and  wbtiM.«ef  the  of^ect  of  wbicii  Iha 
^^H^horcsceoce  is  to  be  teated  is  apooed  to  the  obaener,  bo  Gghc 
^^Bi  witboDt  can  reach  it.  Nov,  tf  the  otgect  be  naiUe  to  the 
^^Hner  at  o,  whilst  the  dbk  ia  in  racatioii,  it  can  odIt  become  90 
^^Hk  phocphoresceoi  actioa :  aad,  hy  raijing  the  nUc  of  rotation, 
^^pinterval  between  the  aetioa  of  the  %fat  on  the  senaitiTe  sur&ee, 
^Hl  the  cxpOBuie  of  the  object  to  the  ejc  of  thtf  obatmr,  can  be 
^Hrie  to  Tsr;  from  a  period  as  ahort  aa  the  t^t^  °^  *  second  to 
^Hf  greater  interraL  Other  and  ctill  ntcre  sensitive  forms  of  the 
^^btnimeDt  hare  been  emplored;  bat  for  a  deacriptioa  of  these 
^Bt  reader  is  refnred  to  the  original  memoirs  abore  cited, 
^^fc  The  colour  of  the  light  emitted  by  these  phosphori  is  pecoHar 
^^Macb  Bubataoce,  and  seldom  correspoiMls  to  that  of  the  iuddetit 
^^K  it  is  gcDcrallT  of  a  lower  degree  of  refraogiUlity,  oerer  of 
^^Qlher  refrxugihilitj :  for  instaDce,  the  sulphide  of  barium  emits  a 
V'lov  light,  though  esciced  by  the  liolet  and  extru-TJolet  rars; 
-  .d  the  uilphide  of  calcium,  which  in  different  specimens  emits  au 
"ange.  B  green,  or  a  blue  phoephoresceuce,  is  in  all  cases  excited 
r  ihe  more  refi^ngible  portion  of  the  spectrum  beroud  the  line  a. 
The  cauw  of  the  Taiiation  in  tint  of  the  phosphorescence  pro- 
L^Med  hj  diSereut  specimens  of  the  same  snbstance,  h&s  becu  mi- 
^^■riy  examined  by  Becquerel;  and  he  attributes  it  to  molecular,  and 
^^Hto  chemical  differences  in  the  phosphori,  the  resulu  being  in> 
^^Roeed  br  the  temperature  at  which  the  phosphorescent  boiiy  wns 
.■rpareil,  and  the  crystalline  stmcture  and  greater  or  less  com|Mict- 
:^si  of  the  material  (e.ff.  sulphate  or  carbonate  of  lime)  cmployetl 
■  the  prcporutioQ  of  the  phosphori.  A  phosphorescent  body,  which 
ft  been  fused,  and  allowed  to  solidify  again,  often,  when  placed  in 
|.pha«phoroscupe, emits  light  of  a  tint  difierent  firom  that  which  H 
}  he&re  it  had  audergoae  fusion ;  thus  pl&tcs  ot  CT;«taffi\«& 
t  McitI  furnish   a  greenish-blue  light,  but  after  \.Vit  w:\i!i\*a 
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been  fiisei]  the  phosphorescence  is  yellow.  Loaf-sugar  eiai 
pale  greenish  light,  but  after  fusion,  on  agRin  exposing  it  in  tin 
phosphoroacope,  it  gives  off  a  much  more  intense  yellowish  light. 
It  is  to  be  remarked  that,  in  many  cases,  the  less  refrBUgiU 
rays  of  the  spectrum  actually  destroy  the  phosphorescence  prodi 
by  the  more  refrangible  rays. 

Where  the  phosphorescence  has  a  considerable  duration,  it  i 
found  that  elevation  of  temperature  heightens  the  luminoAity,  bn 
shortens  the  duration  of  the  phosphorescence.  The  efl'ect  of  bet 
upon  the  sulphide  of  strontium,  when  prepared  with  due  precautioui 
is  very  remarkable.  Certain  specimens  of  it  at  o°  P.  emit  a  v 
beautifid  violet  phosphorescence;  by  raising  the  temperature 
160°,  the  light  emitted  has  a  greenish  hue,  and  if  the  tube  wUic 
contains  the  sidphide  be  heated  to  about  400°,  the  light  becomei 
an  orange  yellow. 

Becquerel  is  of  opinion  that  the  phenomena  of  phosphoresceiK 
and  those  of  fluorescence  have  a  common  origin — many  phDsph< 
rescent  bodies,  such  as  nitrate  of  uranium,  esculin,  and  sulphate  < 
quinine,  emitting  light  of  the  same  tint  aa  that  which  they  displi 
when  fluorescent.  This  point,  however,  requires  further  investtgi 
tion,  since  many  bodies  which  are  highly  phosphorescent  show  i 
signs  of  fluorescence,  and  the  range  of  colour  in  the  light  emitU 
by  phosphorescent  bodies  is  smaller  than  in  the  same  bodies  wh( 
they  become  fluorescent. 

{J07)  Velocity  of  Light. — It  is  certain  that  light  is  the 
of  a  series  of  progressive  actions,  since  it  requires  time  for  it*  pr 
pagation.  Astronomers  have  ascertained  from  observations  on  d 
eclipses  or  occuUations  of  the  satellites  of  Jupiter,  the  periods 
which  are  acciu'ately  known,  that  when  the  earth,  aa  represeuted 
^  fig-  75.  i*  situated 
^"'-  75-  its     greatest     distan 

_„ ■ _^         from    that    planet, 

*t-'''  ^-^"7-^        -V  "\  these    occultations  t 

'T.  - Jr.— -'^  ^''    P^^''  *•*  occur  about 

'~~- — — "'  quarter  of  an  hour  lat 

than  they  do  when  no 
est  to  it,  as  at  b;  consequently,  between  ij  aud  16  miuntes  1 
required  by  light  in  traversing  the  width  of  the  earth's  orbit, 
space  of  about  190,000,000  miles.  Light  would  therefore  deaai 
a  space  equal  to  the  circumference  of  the  earth  m  aboDt 
eighth  part  of  a  second  of  time. 

The   velocity  of   light,   howeTer,  appears    to    vary  irUh  t 
'■toed/am  through  vhu|ylMH|Bl3jU  iesaia  wo^v^m  Va 
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■■  rcUrdni,  but  in  a  medium  of  uniform  density,  if  it  travel 
j.form  direction,  its  velocity  is  also  uniform.     It  may  be  shown 
Jthcmatically  that  if  the  hypotliesia  of  emission  be  correct,  the 

' -locity  must  be  qnickeued  in   a   denser   medium,  whilst  on  the 

iidulalory  thc?ory  it  Bhould  be  retarded ;  the  decision  of  this  ques- 

;  j'l,  therefore,  aJfords   an  experimentum   crucia  between  the  two 

■.  ;-oriea. 

FoDcault  (Ann.  de  C/iimie,  III.  xli.  129)  and  Fizeau  have,  in- 

iipendciitly  of  each  other,  by  a  beautiful  application  of  the  re- 
iving mirror,  first  used  by  Wheatstone,  succeeded  in  solving  this 
f-onant  question;  by  direct  mcaauremcnt  they  find  that  light  ia 
■Warded   in   the   denser  medium ;  the  relative  velocity  being  in- 

TLTiely  18  the  refracting  indices  of  the  media  compared.     Couse- 
jcotly  the  theory  of  emission  cannot  be  longer  maintained. 
(108)  The  uudulatory  hypothesis  accounts  for  differences  in  the 

:..!cnsity  of  the  light  r  s,  fig.  76,  by 
ilTereuces   in    the   amplitude  or  ex-  ^"'-  7^ 

ir*ion,  a  b   of  the  undulation 


;^ 


nd       ,[ 
r  the  phenomena  of  colour  by  dif-   a_f   "^ 


n'oces  in  the  length,  a  c,  and  in  the 
iiijueucy   of  the  undulations;  just 

iu  the  phenomena  of  sound,  the  pitch  of  the  note  is  proved 
1 1  depend  upon  the  number  of  vibrations  in  a  given  time:  but 
fie  extent  through  which  the  ear  appreciates  proportionate  dif- 
'-rences  of  rapidity  in  the  undulations  which  produce  sound,  ia 
lUch  greater  than  that  which  the  eye  can  estimate  in  the  case 
1  light.  Most  persons  can  perceive  musical  sounds  in  which 
.1  possible  variety  exists  between  16  and  2048  vibrations  in  a 
Tond,  i.e.,  including  a  range  of  eight  octaves,  in  the  highest  of 
inch  the  vibrations  are  128  times  more  numerous  than  in  the 
jreat.  With  light  the  range  is  ranch  more  limited,  and  extends 
:  It  quite  so  far  as  from  loo  to  175.  The  average  length  of  a 
•14TC  of  white  light  is  ^aaon  "f  ""  inch;  but  the  length  of  the 
ware,  as  well  as  its  frequency,  differs  in  the  different  colours  ;  in 
rtd  light  it  is  longer,  being  about  xTninr  of  "i"*  inch,  while  in  violet 
T!  i»  only  n^.'.Tnv-  The  number  of  vibrations  is  estimated  at  five 
iiidrcd  million  millions  per  second  (500,000000,000000)  in  white 
/lit;  in  red  light  at  482,000000,000000;  and  in  violet  light  at 
s  707,000000,000000. 

[nlrrjereiice. 
))  One  of  the   simplest,    and    at    tbe    wvme   ^H\fc  ■mosS. 
pmoA  of  tbe  analogy  in  the  mechanism  b^  ViVvcU  %wmA 


^^.JDDCh  as  7 
^H^./  On 
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and  light  are  produced,  is  exhibited  in  the  pheDOmena 
under  the  term  interference. 

It  is  well  known  that  when  two  stretched  strings, 
unison  nith  cecb  other,  are  struck  simultaneously,  eacli  gives  ila 
own  note,  and  the  compound  sound  produced,  instead  of  dying 
away  gradually  and  uniforaily,  is  subject  to  a  succession  of  alteniata 
niaxima  and  minima  of  intensity ;  the  sound  alternately  dies  away 
and  revivea  several  times  in  succession  before  it  becomes  hnslljf 
inaudible ;  it  thus  produces  what  are  termed  beats  in  the  notei. 
These  beats  are  due  to  the  interference  with  each  other  of 
Tibrations  from  the  two  strings.  As  one  string  is  vibrating  a  little 
faster  than  the  other,  it  must  happen  that  the  direction  of  tlie 
vibrations  in  the  two  strings  at  certain  moments  must  coincide' 
at  this  point  we  have  the  maximum  of  sound  ;  the  periods  of  vibnu 
tion  will  then  gradually  recede,  and  ultimately  oppose  each  other, 
aud  produce  a  momentary  silence. 

Again,  when  two  equal  impulses  are  given  at  a  little  di 
from  each  other  upon  the  surface  of  a  still  sheet  of  water,  cadi 
becomes  the  centre  of  a  system  of  waves,  which  ultimately 
each  other,  and  allernately  increase  and  diminish  the  effect  of  each 
other.  For  example :  if  ia 
fig  77  the  concentric  cirdei 
represent  two  equal  aystema 
of  waves  in  water,  setting^ 
:  simultaneously,  they  will 
I  intersect    each    other;    the 

length  of  the  wave  in  e 
'  system  is  the  same:  whero 
the  crests  of  the  waves  ctni 
cide,  the  elevation  will  t 
doubled;  hut  where  tl 
crest  of  one  wave  coiucidt 
vith  the  depression  of  the  other,  the  water  will  retain  its  level  sur- 
face. These  points  will  occur  in  regular  ouccessiou,  and  form  '  line 
of  double  disturbance  and  no  disturbance.'  The  lines  of  double  dis 
tiirbance,  indicated  in  the  diagram  by  the  points  where  the  circles 
touch  or  cut  each  other,  occur  at  distances  which  differ  by  the  entira 
width  of  one  or  more  waves,  or  by  au  »;e»  number  of  half  wnTca 
The  intermedintc  points,  or  points  of  no  disturbance,  are  situated  a 
distances  from  the  centres  differing  by  an  odd  number  of  half  wairctj 
thtfirst  will  occurot  the  distance  of  half  a  wavg;  tbcsccoud  at  i 
"  '  i  at  two  waves  »,wdulvalt,ft.wAwi«xi.    *Joi 
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I    tbew  phenonieaa  of  undulatioa  in  ur  and  in  vater  have  an  exact 
cooDtcfpart  in  the  case  of  light. 

If  aljwiinof  liglit  of  a  aiugle  colour  be  admitted  into  a  darkened 
room  by  two  small  apertures  in  a  thin  sheet  of  metal,  such  as  pin- 
hole*, placed  Tery  near  each  other,  and  the  light  which  enters  be 
allowed  to  fall  npon  a  screen  just  beyond  the  point  where  the  outer- 
I  «t  niys  of  the  two  cones  intersect  each  other,  a  spot  of  increa:*ed 
n^htne^  is  seen  where  the  screen  is  intersected  by  a  line  at  riijht 
■iglca  to  it,  and  which  also  bisects  at  right  angles  the  line  joining 
"  :!•  two  pin-holes;  on  either  side  of  this  bright  spot  will  be  a 
■  nca  of  bands,  alternately  dark  and  bright,  although  the  dark  bands 
.-  well  as  the  bright  ones  are  receiving  the  rays  from  both  aper- 
rw.  The  addition  of  light  to  light  has  here  produced  darkness. 
'it  o,  q,  fig.  yS,  represent  the  two 

n-boles,  and  a  b  c  n,  a  section  of  pjg  _g 

tfce  screen ;  let  p  a  bisect  the  dis- 
tance between  the  apertures  at  right 
!s,  and  fall  vertically  on  the 
If  the  spots  A,  B,  c,  D,  eaek 
mt  the  centre  of  a  bright  band, 
H.H  j»,willbeformedof  rays  the  paths 
<t  hich  are  equal ;  o  b,  q  b,  will  differ  by  the  length  of  one  wave  ; 
I,  Q  c,  by  two  waves;  o  d,  q  i>,  by  three  waves:  and  the  black 
Uiuiia  between  the  bright  ones  will  be  formed  by  the  interfering 
of  niys,  the  paths  of  which  differ  in  length  successively  by  half  a 
nve,  a  wave  and  a  half,  two  waves  and  a  half,  &c. — (Lloyd's  Lee- 
tew  on  the  tVave  Theory  of  Light.) 

The  length    of   the    paths   traversed  by  the  rays  from  each 

spcrturc  is  equal  in  the  central  spot  a,  and  the  intensity  of  the 

tght  is  therefore  inerea^d ;  but  since  the  path  of  the  rays  on  cither 

tide  of  this  becoraea  more  or  less  oblique  by  regular  increase  or 

dixreRse,  the  lengths  of  those  paths  must  necessarily  be  gradually 

sTti!  progressively  either  augmented  or  diminished ;  consequently 

■  unmtjerof  undulations  in  each  will  be  proportionately  increased 

r  diminished.     When  the  lengths  of  the  paths  of  the  two  rays 

Tcr  by  entire  undulations,  a  bright  band  is  the  result;  when  they 

ii^r   by  an   odd   number  of  half  undulations,  darkness   ensues. 

i>*  h»   the  incliuatioQ  is  progressive,  there  is  necessarily  a  pro- 

-■^aive  passage  from  the  brightest  light  to  the  most  complete  dark- 

i->«.     By  intercepting  the  light  from  one  aperture,  all  the  dark 

iFkda  diiiappeor.      The  measurement  of  the   breadth  of  one   of 

t  bands  affords  one  means  of  determining  ibe  \e\\i*fti.  o'v  ■». 
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wave  of  light  of  that  particular  colour,  if  the  length  of  a  7  li 
Known.  Further,  since  the  length  of  a  wave  of  light  ihffen  i 
lights  of  different  colour  and  refrangihility,  being  longest  iu  the  te 
or  least  refrangible,  and  shortest  in  the  violet  or  most  refrangiM 
ones,  the  coloured  bands  are  broadest  in  the  red  and  narrowest  i 
the  violet ;  and  if  the  experiment  illustrated  by  fig.  78  be  perfonoe 
with  white  light  instead  of  with  monochromatic  light,  the  overUj 
ping  of  the  bands  of  the  different  colours  will  produce  a  sucoessic 
of  iridescent  or  coloured  bands,  instead  of  mere  alternations  of  ligh 
and  darkness. 

The  phenomenon  of  interference  is  one  of  the  moat  funds 
mental  propertiea  of  light;  it,  indeed,  takes  place  with  common  lig 
under  all  circumstances;  but  the  diaturbiug  causes  in  ordinal 
cases  exactly  compensate  each  other,  and  it  is  only  by  inter ceptin 
part  of  a  pencil  of  rays,  so  as  to  remove  one  half  of  the  compe 
sating  system,  that  tlie  disturbance  produced  by  the  remaining  ha 
becomes  manifest,  as  in  the  experimeutB  just  described.  If  upo 
a  biilliaiit  plane  reflecting  surface,  such  as  a  polished  plate  of  Bt 
a  number  of  very  fine  liues  be  traced  at  equal  intervals,  so  I 
there  may  be  from  1000  to  20,000  per  inch,  a  surface  is  obtain! 
which  reflects  a  multitude  of  diverging  cones  of  light,  in  com 
quence  of  the  absence  of  reflection  at  regular  intervals  correaponi 
ing  to  the  grooves ;  these  cones  of  rays  interfere  at  their  edg< 
without  compensation,  and  a  series  of  colours  of  the  most  brlUiai 
tints  is  perceptible.  A  variety  of  natural  objects  owe  the  beat 
tiful  iridescent  play  of  colours  which  thpy  exhibit,  to  a  structure  < 
this  kind ;  as  is  shown  in  the  feathers  of  many  birds.  The  hai 
of  mother  of  pearl  and  other  shelly  structures  are  also  due  to  the 
mode  of  formation  in  successive  eiitremcly  thin  laminae,  the  cdgi 
of  which  form  a  series  of  grooves  upon  their  surfaces,  aud  thus  pK 
duce  the  phenomenon  ;  impressions  of  these  grooves  may  ofteu  1 
taken  in  sealing-wax  or  in  fusible  metal,  aud  the  same  pUy  < 
colours  is  then  obtained  in  the  impressions. 

(]  10}  Colours  of  Thin  Plales. — A  diflTerent  set  of  colours,  ab 
dependent  for  their  origin  upon  interference,  are  those  termed  U 
colours  of  thin  plates.  By  dipping  the  mouth  of  a  wiue  glass  lut 
a  solution  of  soap  in  water,  or  what  is  still  better,  into  gum-watc 
8  bubble  may  he  formed  across  it ;  if  the  glass  be  laid  upon  i' 
side,  the  film  becomes  gradually  thinner  aud  thinner  from  tl 
action  of  gravity,  and,  if  viewed  by  reflected  light,  n  scries  of  iiido 
cent  tints  is  developed,  increasing  iu  brilliancy  until  the  babt^ 
becomes  reduced  to  a  stnt*-  "*'  i--irfn^-  tenuity ;  it  then  ai>peuii  I 
wwe  black  at  the  tin;  ^^  sYctiA'}  Wv?\s..     "Vto 


coLorss  or  ^ 


r  pL.vTEa — newion's  rings. 


159 


included 


I  in  &re  due  to  tlie  interference  of  a  part  of  the  liglit  which  ia 
ct«l  from  the  second  surface  of  the  film,  with  that  which  is 
cted  from  the  first  surface.  Any  transparent  object,  sucli  as 
I,  thill  films  of  metallic  oxides,  mica,  &c.,  if  reduced  to 
kat  of  tnfScient  thinuess,  will  produce  the  same  efTect.  The 
ICqW  colour  is  dependent  on  the  thickness  of  the  film.  In 
pering  steel,  its  surface  becomes  covered  with  a  film  of  oxide, 
■nd  the  workmen  judge  of  the  heat  by  the  colour  produced ;  the 
higher  llie  temperature  which  is  applied,  the  thicker  does  the  film 
become. 

Tite  laws  which  regulate  this  phenomenon  were  traced  with 
ptai  success  by  Newton.  He  placed  a  convex  lens,  of  a  very  long 
niias  of  curvature,  upon  the  flat  sm-face  of  a 
Kg.  79  shows  a  section  of  both 
leo«c«,  the  curvature  of  which 
bmuch  exaggerated.  Around 
&t  point  of  contact  the  rings  j 
ikTeloi>cd  themselves  «i 
bltck  spot  in  the  centre, 

order  dependent  upon  the  thickness  of  the  film 
Uttrcen  the  two  plates  {fig.  80). 
'■Ir.owing  llie  convexity  of  the  upper 
in,  he  was  ahle  to  calculate  tlie 
irkness  of  the  film  required  to  pro- 
i.c  any  given  tint,  lie  thus  found 
:  ^t  there  ia  a  limit  to  the  thickness 
:'  jU  transparent  objects,  below  which 
:.'\v  cease  to  be  visible  in  reflected 
.:lii,  and  another  thickness  above 
i*,  Ijeyoud  which  they  reflect  only 
hiie  light :  between  these  two  thick- 

>«rs  the  phenomena  which  we  are  now  considering  take  place. 
i  iie  thickness  of  the  film  which  produces  any  given  colour  varies 
tb  the  nature  of  the  reflecting  plate,  being  in  the  inverse  ratio  of 
■  refractive  index.  At  and  below  the  thickness  of  ,j  -inn'rinnr  of  an 
ich  the  film  of  air  exhibits  a  hlack  spot  when  viewed  hy  reflcc- 
Oou,  and  alH>ve  -nni"-,*o-tnr  i^  reflects  white  light.  In  water  at  4  of  a 
millionth  of  sn  inch  a  black  spot  is  formed;  above  -Tinhhcn  ^^^ 
refltcled  light  is  white.  Glass  produces  a  black  spot  at  all 
Ilr.rUic«cs  below  -j-^-nTTo  of  an  inch,  and  reflects  white  light  at 
ill  '.liitkiiesse*  above  tu  ii',i''iMi-E  of  an  inch. 

Tiie  order  of  succession  of  the  colours  constitutes  what  is  termed 
lonV  Kale.     Six  or  aevcn  series  of  coloured  bauds  ma^  thus  be 
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distinctly  traced.      Tliese  rings  when  produced  by  hoinc^ 
liglit  are  alternately  bright   and    black;    tbe  width    of  i 
19  depeiidetit  upon  the  colour,  and  is  greatest  in  tbe  l 
gible  light.     The  overlapping  of  the  narrow  rings  by  the  b 
ones  in  the  mi^ed  bght  of  day,  is  thus,  aa  in   the  case  of  ti 
coloured  bands  produced  by  interference,  tbe  cause  of  the  bri 
succession  of  colours. 

A  similar,  but  fainter  series  of  colours,  may  be  seen  in  I 
light  that  is  transmitted  through  the  film,  but  the  tints  are  in  ti 
case  complementary  to  those  of  the  reflected  rays.  By  inert 
the  obliquity  of  the  incident  rays,  the  breadth  of  the  ringl  i 
increased  in  both  transmitted  and  reflected  light.  The  tints  of  t] 
transmitted  rays  are  much  paler  than  those  seen  by  reflecttoo 
they  are  produced  by  the  interference  of  a  portion  of  light  tw 
reflected  within  the  plate,  with  the  beam  directly  transmitted. 
In  fig.  8i,  1  R  represents  a  l 
of  light  incident  upon  the  film,  shoin 
in  magnified  section  nt  i'  r  i  part  < 
the  light,  R  Y,  is  reflected,  and  parti 
K  s  T,  transmitted ;  at  s,  the  second 
surface  of  the  film,  a  portion  of  tl 
light  is  again  partially  reflected  t 
D  ;  at  u  part  is  transmitted,  and  n 
terfcres  with  the  reflected  |iDrtioi 
tr  s,  of  the  beam  K  r,  which  fall 
npon  the  upper  surface  of  the  I 
at  the  spot  where  s  c  emerges.  Now 
since  tbe  lengths  of  the  paths  of  the  rays,  i  a  s  c,  and  k  t*  dilli 
by  a  fraction  of  an  nndiihition,  owing  to  the  refraction  an 
reflection  of  the  portion  ti  s  c  within  the  film,  interference  betwec 
the  two  rays  ia  the  result,  and  colours  are  produced  in  the  reflecte 
beam ;  in  addition  to  this  action,  a  part,  ti  v  w,  of  the  beam,  t  I 
:  second  time  reflected,  and  passiug  out  on  the  lower  suHu 
of  the  film,  interferes  with  the  portion  of  k  V,  which  is  directl 
transmitted,  and  thus  the  colours  in  the  transmitted  light  a 
occasioned.  The  dotted  line,  v  z,  represents  the  track  which  i 
taken  by  the  portion  of  the  ray  k  u  v,  which  undergoes  reflcctic 
from  the  internal  lower  surface  of  the  film. 

Double  Refract  ion —  Polarisation. 
(ill)  Double  Refraction. — The  law  of  refraction  (97),  wUl 
'   is  true  for  water,  for  glas^,  and  for  other  horaogenmun  uncrystallin 
media,  does  not  extend  to  all  transparcm  \ioi»«.    \n  ti\  ww 


(ACTION    OF   LIGHT. 


s,  excepting  those  belonging  to  tlie  regular  system, 
ray  is  subdivided  into  two  portions,  and  hence  sucli 
said  to  possess  the  property  oF  double  refraction. 
ita  rrmarkable  action  upon  light  is  best  exhibited  in  the  traiia- 

crystallized  variety  of  ciirbunate  of 
known  as  Iceland  spar.    Place  u[ioa  a  Fia.  83. 

made  upon  a  sheet  of  white  paper,  a  ^^»^ 

ibohedron  of  Iceland  spar,  as  a  u,  fig. 
and  look  down  upon  the  dot  through 
of  the  parailel  faces  of  the  rhomb  :  two 
^-'»,  o,  e,  of  the  dot  will  he  seen  iu- 
iJ  of  a  niugle  one;  and  if  the  crystal  I 
'  i<^  ruoud  upou  the  paper,  keeping 
eye  steadily  fixed,  oue  of  the  images 
<  appear  to  rotate  round  the  other, 
■■■li  preserves  its  fixed  poaitiou.  The  ; 
nhich  joins  the  two  images  of  the  dot 
wilder  all  circumstances,  parallel  to  the 

_' joal,  A  B,  connectiug  the  two  obtuse  angles   of  the  crystal : 

iiitl  this  line  the  dlflereut  parts  of  the  crystal  are  symmetrically 

-'■.iged.      Upon  varying  the  obliquity  of  the  incident  ray  upou 

■   -urface,  it  is  found  that  the  refracted  ray  which  was  stationary 

"g  the  movement  of  rotation,  preserves  the  constant  ratio  of 

sioca,  and,  as  in  ordinary  cases  of  refraction,  falls  always  in 

plane  of  the  incident  ray ;  whilst  in  the  other  ray  the  ratio  of 

.  .^ucs  varies   at   differeut  obbqnities  of  the  incident  ray;  and, 

riTTpling  in  two  i>ositions  of  the  crystal,  this  refracted  ray  never 

wears  iu  the  plaue  of  incidcace.     One  of  the  refracted  rays  follows 

Bau-ly  the  usual  law  of  refraction,  and  is  heuce  termed  the  ordi- 

Miy  ny ;  while  the  other  follows  a  difl'crent  law,  and  is  called  the 

Mfaordinary  ray.       There   is  one   remarkable  direction   in  the 

cnrttal,  in  which  this  splittiog  of  the  ray  does  not  take  place, — a 

dinction  parallel  to  the  liuc  which  connects  the  two  obtuse  angles 

of  liie  rliombohedfou ;  this  line  is   called  the  optic  aj.is  of  the 

cmta).     To  render  this  obvious,  a  slice  of  the  mineral  may  be  cut 

"I  a  direction  perpendicular  to  the  optic  axis,  a  b, 

-  83:  it  will  he  found  on  looking  at   a   minute 

rit  juTpendicnlarly  throngh  such  a  plate,  that  a 

'       i    ^'(!  of  it  only  will  be  seen,     hi  all  other  , 

L  double  image  will  be  visible.   The  sepn- 

.1.  two  images  increases  with  the  oblinuity 

ideat  light  to  tiie  optic  axis,  until  it  \ 

to  it,  when  it  attains  its  niaximam.  The 
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point  at  wtich  the  difference  Ijetween  the  two  rays 
maximum  is  selected  for  determiniug  the  index  of  r 
the  extraordinary  ray.     In  the  case  of  Iceland   spar,  thft'l 
dinary  ray  is  refracted  less  powerfully  than  the  ordianjy  ray  ;T 
crystals  are  termed  negative  doubly  refracting  crystals.     Inst 
however,  are  not  wanting  in  which  the  extraordinary  ray  t 
goes  the  greater  refraction  of  the  two,  as  in  quartz  and  ice. 
crystals  are  said  to  be  positive  or  attractive. 

Both  rays,  if  they  emei^e  from  a  surface  piu^llel  to  the  one 
which  the  incident  ray  entered,  are  parallel  to  each  other ;  ll 
if  the  surface  he  inclined,  both  rays  proceed  with  increasing  din 
geuce,  eacli  exhibiting  the  colours  of  the  priematic  spectrnm. 
all  cases,  the  thicker  the  crystal  the  greater  is  the  separation 
the  two  images. 

(i  I  a)  Crystallized  Gubstances  may  be  divided  into  two  classC 
according  to  their  action  upon  light ;  and  their  optical  propertk 
are  intimately  related  to  their  crystalline  form.     Tlius  we  have^ 

I.  Singly  refracting  crystals  -. — These  all  belong  to  the  r^uli 
system. 

a.  Douhly  refracting  crystals : — These  may  be  further  divide 
into  two  sub-classes,  a.  The  first  sub-class,  like  Iceland  spa 
presents  only  oue  optic  axis  in  which  no  double  refraction  occur 
and  it  includes  all  crj'stals  of  the  rhombohedral  and  pyramidal  sj 
tems ;  such  crystals  are  termed  uniaxal.  b.  The  necond,  of  whi 
aragonite  and  nitre  are  examples,  comprises  all  crystals  of  tiie  thn 
remaining  systems, — namely,  the  prismatic,  the  oblique,  and  Ut 
doubly  oblique  systems :  they  have  two  optic  axes,  which,  bowen 
do  not  coincide  with  auyof  the  crystalline  axcs,but  occur  iuresnlta 
directions  between  tliem.     Such  crystals  are  said  to  be  bUaesL 

In  biaxal  crystals,  both  the  doubly  refracted  rays  obey  extr 
dinary  laws  of  retraction. 

(i  13)  Polarization. — Light  that  has  been  transmitted  thi 
a  doubly  refracting  prism,  has  undergone  a  remarkable  t 
tion,      If  received  upon  a  second  crystal  of  Iceland  spar  of  fl 
thickness,  placed  in  a  position  similar  to  tiiat  of  the  lirst  (fig.  &4, 1 


\, 
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1TB  pass  tfarough  it  uncbanged,  except  that  they  arc  separated 
frwm  each  other  in  proportion  to  the  thickness  of  the  crystal, 
cstraordtnary  ray  will  stit!  be  refracted  entraonlinarily,  and 
nary  ray  ordinarily ;  the  principal  sections*  of  the  two 
are  parallel.  On  causing  the  second  plate  to  describe  a 
of  a  revolution,  so  that  the  principal  sections  ehall  be  at 
angles,  as  shown  at  2,  still  but  two  images  will  be  seen ;  but 
the  onlinary  ray  is  refracted  estraordinarily,  the  cstraordinary 
refracted  ordinarily.  When  the  second  crystal  describea 
quarter  of  a  revolution  as  at  3,  only  one  image  ia  visible, 
.  separated  by  the  first  are  reunited  by  the  second ;  iu  all 
intermediate  positions,  each  ray  is  doubly  refracted,  and  four 
ime  visible :  the  intensity  of  the  images  taken  together 
It,  one  pair  fading  as  the  other  increases  in  brightness,  and 
Each  ray,  therefore,  on  emerging  from  a  crystal  of 
aleareous  spar,  has  acquired  new  properties ;  it  is  no  longer  subject 
to  further  subdiTision  by  a  second  crystal  when  placed  in  particular 
pontions.  The  rays  iu  fact  appear  to  have  acquired  sides,  and  to 
hire  new  relations  to  certain  planes  within  the  crystal ;  such  raya 
m  »aid  to  be  polarized. 

Many  crystals  when  cut  into  plates  parallel  with  their  asis, 
alio*  light  to  pass  through  them,  which  on  emerging  is  found  to 
be  similarly  affected;  some  kinds  of  tourmaline  exhibit  this  phe- 
nammou  in  a  very  marked  manner,  Tounnaline  is  a  doubly  refract- 
ing  p«n»matic  crystal,  tliroHgh  which  the  extraordinary  ray  alone 
putes,  the  ordinary-  rp.y  being  absorbed.  If  a  plate  of  this  mineral, 
"It  from  a  brown  or  green  specimen,  parallel  to  the  axis  of  the 
.n>m,  a  a,  (fig.  85,  i),  be  placed  between  the  eye  and  the  candle,  a 
Ttsidcrablc  portion  of  light  will  traverse  the  plate,  and  the  amount 
;'  light  will  be  in  no  way  affected 
-:  raruing  the  plate  round  in  its  Fio.  85. 

jnii  plant- ;  but  if  light  which  has 
'  K«n  thus  transmitted  through  one 
:  btc  of  this  mineral,  be  allowed 
':  b\\  gpon  a  second  similar 
,  jW^  it  will  traverse  this  without 
Lcrmption  only  when  the  axes 
r  the  two  plates  are  parallel  (fig. 
■  3,  i) ;  but  it  wUl  be  completely 
;  i:errapte(i  where  the  plates  over- 


*  In  tiBiaittl  [^r<r«tali  ■  jii-iaeijial  leclion  ia,  in  oplical  language,  a  plane 
aliiek  p*Me*  pamllcl  to  the  optio  axis,  and  porpendicuJar  to  any  face  of  tlie 
cTjaul,  naturol  vr  artificial,  upon  wbich  the  light  ia  incideaL, 
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lap,  when  the  second  plate  is  made  to  describe  a  quarter  of  a 
tion  in  its  own  plane,  2  ;  the  ases  of  the  two  plates  arc  tlicn 
right  angles  to  each  other :  in  all  intermediate  positions,  light  wilt 
be  transmitted  with  greater  or  with  less  intensity,  according  as  tbt 
axes  are  more  nearly  parallel,  or  perpendicular  to  each  other. 

K  the  two  pencils  emerging  from  a  rhomb  of  Iceland  spar 
examined  by  means  of  a  plate  of  tourmaline,  it  will  be  found  tfait 
the  ordinary  image  is  moat  intense  when  the  axis  of  the  toiirii» 
line  is  at  right  angles  to  the  principal  section  of  the  rbombohedroflj 
and  that  it  is  extinguished  when  the  axis  of  the  tourmaline  ii 
parallel  to  the  principal  section,  whilst  the  opposite  results  txxm 
with  the  extraordinary  ray.  Both  rays  are  therefore  polaiiied,  hi 
under  different  circumstances. 

{1:14]  Polarization  may  also  be  effected  by  means  of  reSectini 
Whenever  light  is  reflected  from  the  surface  of  a  transparol 
medium,  a  certain  portion  of  such  light  undergoes  this  remarkaUt 
change;  and  at  a  particular  angle,  varying  with  each  mediam 
according  to  its  refractive  power,  the  whole  of  the  incident  liglil 
that  is  reflected  is  polarized.  This  effect  takes  place  when  tf* 
reflected  and  the  refracted  ray  form  a  right  angle  «ilb  each  Other 
consequently  the  higher  the  refracting  power  the  greater  is  tb 
polarizing  angle :  with  crown  glass  this  angle  is  56*  45',  with 
53°  11',  and  with  Iceland  spar  5»°  51'. 

When  light  which  has  been  polarized  by  any  of  these  mettm 
examined  by  a  reflecting  plate,  inclined  to  the  ray  at  the  poIarixiii{ 
uigle,  other  remarkable  properties  are  observed.     Common  light 
will   be    reflected  indifferently,  whether    the    reflecting    plat*  " 
placed  above  or  below  the  ray,  to  the  right  or  to  the  left  of  it,  thoi 
the  inclination  of  the  plate  to  the  ray  continue  to  be  the  same, 
is  not  so  with  polarized  light;  suppose  a  beam   thus  affected 
fall  upon  any  transparent    reflector    inclined  to   the  ray  at  titk 
polarizing  angle ;    if  the  light  be  completely  refleeted   when  tlia 
mirror  is  placed  below  the  ray,  it  will  not  be  reflected   at  all 
be  wholly  transmitted  when  the  plate   is    placed  on  either   »t 
and  when  placed  above  it  will  again  be  wholly  reflected;  at 
mediate  points  part  will  be  reflected  and  the  remainder  traasmitttd 
the  proportion  which   is  reflected  is  greater  the  more  nearly  t! 
plane  of  the  second  reflection  coincides  with  that  of  the  firet,  tl 
light  being  wholly  transmitted  when  the  two  are  at  right  ani>let  ■ 
each  other. 

These  facts  admit  of  easy  experimental  proof.  Proride  tl 
tubes,  is  c  (fig,  86),  which  are  fitted  so  as  to  allow  of  their  bdi 
Inmcd  round  one  within  the  other.     Fasten  ohliipicly  to  the  et 


irnch  tube  a  flat  trans- 
!|uetit  plate  of  glass,  p,  a, 
■o  u  to  form  an  angle  of 
5^°  45'  between  the  line 
f  0,  and  a  perpcndicolar 
to  the  point  at  which 
f  a  IkllB  upon  the  sur- 
face of  each  plate.     The 


i^^ 


B,  with  its  attached  plate  a,  can  now  be  turned  round  on  t 

:■  c,  without  altering  the  inclination  of  the  plate  to  a  ray  passing 

K  the  axis  of  the   two  tubes,  but  the  plate  a,  according   to 

I'lMtion,  will  reflect  the  ray  upwards  or  downwards,  to  the  rigl 

■:  to  the  left.     We  can  therefore  alter  the  plane  in  which  till 

ti  Jpction  is  produced,  without  altering  the  angle  of  the  reflector  t 

the  ray.    If  the  liglit  be  common  light,  such  as  that  from  t 

pkcctl  s»  at  J,  no  matter 

vbcilier  the  plate  a  be  Fio.  87. 

placed  below  the  ray  as 
in  fig.  86,  or  above  it  aa 
in  fig.  87,  or  to  ihe  right 

<if  lo  the  left,  an  observer  ir-'^  I    "  \x: 

plieed  in  the  direction     yf^mmmmmmlaBKim^im 
wliicl]  the  reflected  ray,        /  ^  '^ 

o,  would  follow,  would  / 
Mctbecaudledistioctly  :  ^ 
bat  the  ca%  would  be 
diflerent  if  the  candle  were  placed  as  at  i,  where  the  light  I 
would  be  reflected  from  the  plate  p,  along  the  axis  of  the  tubes ; 
bjr  reflection  at  this  particular  angle  it  would  he  polarized.  So 
long  aa  the  plate  a  retains  the  position  represented  in  fig.  86,  the 
rcHected  ray  would  fall  in  the  same  plane  as  that  in  which  polari- 
tttiofl  took  place,  and  the  candle  would  be  seen  by  an  obserrer 
■tationed  in  the  direction  of  the  reflected  ray.  But  suppose  t 
tube  B  to  be  turned  slowly  round  the  ray ;  by  following  t 
iffia^  aa  ihe  tube  is  turned,  the  light  of  the  candle  will  be  t 
^mflimJly  to  become  fainter  and  fainter,  until,  when  the  tube  1 
.  turned  a  quarter  of  the  way  round,  it  will  be  almost  invisible; 
[ilaiie  of  reflection  is  now  at  right  angles  to  that  of  polariza- 
....;,  aud  ihe  light  which  falls  upon  a  is  almost  wholly  trans- 
Bittcd :  on  turning  it  further,  the  light  again  becomes  more  and 
B  diittinct,  till,  when  the  tube  has  been  turned  half  round,  the 
%  as  brightly  as  at  first ;  the  plane  of  reflection  again 
I  niUi  that  of  polarization  :  if  it  be  turned  still  further,  at 


I 
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the  third  quadrant  the  light  again  disappears,  until,  on  com] 
the  revolution,  it  is  as  distioctly  visible  as  at  firat. 

The  plane  of  iucidence,  or  the  plane  of  reflectioo  in  which  tl 
polarization  was  produced,  is  called  iiic  platie  of  polarization,  Tt 
original  plane  of  polarization  may  be  easily  ascertained  in  any  nij 
by  whatever  means  it  may  have  been  polaiized,  because  it  is  alwa] 
at  right  angles  to  the  plane  in  which  extinction  occurs  wbe 
the  ray  is  eicamined  by  a  reflecting  glass  mirror,  inclined  to  lb 
ray  at  the  polarizing  angle.  In  this  manner  it  Is  proved  not  onl 
that  the  doubly  refracted  rays  transmitted  by  Iceland  spar  are  eac 
polarized,  but  that  they  are  polarized  in  planca  at  right  angles  I 
each  other,  the  ordinary  ray  being  polarized  in  the  plane  of  emei 
gence :  in  the  case  of  tourmaline,  it  i*  found  that  the  cmei^ent  n 
is  polarized  in  a  plane  perpendicular  to  the  axis  of  the  crystal. 

When  the  condition  of  polarization  has  once  been  impre«M 
upon  a  beam  of  light,  it  continues  to  be  permanent,  whether  tl 
subsequent  course  of  the  ray  be  long  or  short,  provided  it  contini 
a  homogeneous  medium. 
{iij)  Dklinction  between  Common  and  Polarized  Ught.- 
Every  beam  of  common  light  appears  to  consist  of  a  rapid 
sion  of  systems  of  waves,  each  system  undulating  in  a  dctormi 
plane,  always  at  right  angles  to  the  direction  pursued  by  the 
but  the  inclination  of  this  plane  in  one  system  varies  at  nil  poaail 
angles  with  the  plane  of  vibration  in  the  preceding  and  eu< 
systems.  As  a  resultant  of  these  various  motions,  common  ligl 
may  be  regarded  as  composed  of  two  beams  of  light  which 
vibrating  in  planes  at  right  angles  to  each  other.  Polarized  Uff 
differs  from  ordinary  light  in  being  produced  by  vibrations  in 
single  plane  only,  that  plane  being  coincident  with  the  i>!aDe 
polarizHtiou  (Hultzmann) ;  'and  the  phenomenon  of  polai 
consists  simply  of  the  resolution  of  the  vibrations  of  cotni 
light  into  two  sets,  in  two  rectangular  directions,  and  the  so 
sequent  separation  of  the  two  systems  of  waves  thus  produi 
(Lloyd,  Wave  theory  of  light,  ii,  39).  The  effect  of  a  cry«l 
of  Iceland  spar  upon  common  light  will  he  best  undersli 
by  considering  its  action  upon  a  beam  which  has  been  aire 
polarized.  When  a  beam  of  light  polarized  In  any  given  plane  fi 
upon  a  crystal  of  Iceland  spar,  it  is  split  into  two  jwrtions, 
intensity  of  which  varies  with  the  inclination  of  the  plane  of  pol 
rization  to  the  principal  section  of  the  crystal,  one  beam  vanisbf 
altogether  when  the  other  is  at  a  maximum.  Now  comtnon  Ug 
coasiata  of  fiuccessive  systema  of  waves,  each  system  during  1 
taiaute  B-action  oC  a  second  which  fotms  \.\ie  \k:v«i4  ol  «»  *« 
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;  in  the  ooiKlition  of  a  jiolarizcd  beam ;  for  its  vibrations 
B  (t«fluite  plauG.  When  tbe  undulations  belonging  to 
!  svstems  fall  upoD  the  spar,  tliey  are  divided  into  two 
i  of  ttticqiial  intensity,  but  owing  to  tbe  extremely  brief 
I  of  each  system,  tbe  pencils  produced  by  several  hundred 
r  systems  in  succession  are  simullaneoualy  (so  far  as  the 
— "  f-aa  perceive)  thrown  upon  the  same  spot ;  tbe  greater  inten- 
^'i  the  light  produced  by  some  of  these  systems  compensates 
'.lie  feebler  intensity  of  others,  and  the  resultant  effect  is  the 
,  i  "iiic-tion  of  two  beams  which  are  of  equal  intensity  whatever 
'  t  be  iMsitiou  of  the  spar.  The  result  of  the  analysis  is  tbe  same 
-V  '.hat  which  would  have  been  yielded  by  a  compound  ray,  con- 
Mtting  of  tno  other  rays  polarized  in  planes  at  right  angles  to  each 
mlior,  one  plane  coinciding  with  the  principal  section  of  tbe  crystal, 
B  other  being  at  right  angles  to  it. 

^  the  vibrations  of  a  polarized  my  always  occur  in  the 

I  plane,  we  may,   with  the  assistance  of  a  rude  illustration, 

nae  idea  of  tbe  reason  why  it  appeal's  to  be  possessed  of 

If  we  imagine  the  reflecting  surface  to  he  made  up  of  a 

I  of  parallel  fibres  lying   only  in  one  direction,  these  fibres 

a  allow  the  passage  of  all  the  rays  in  comraou  light  which 

jtte  in  a  plane  parallel  to  their  direction,  aud  would  reflect 

it :  whilst    polarized  light,  if  undulating  in   a  plane  parallel 

t  fibres,  would  lie   wholly  transmitted ;  but  if  its  undulations 

'  1  a  plane  at  right  angles  to  the  fibres  it  would  be  wholly 

B|i6)  I^ht  may  also   be  polarized   at  other 
I  by  a   series  of  successive    reflections  from 
1  transparent  plates  ;  a  pile  of  glass  plates, 
iwD  at  fig.  88,  is  often  made  use  of  for  this 
e;  part  of  the  light  is  transmitted  what- 
lay  lie  the  angle  of  incidence :  but  tbe  light  y 
1  by  reflection  is  always  equal  in  quantity 
which  is  polarized  by  transmission,  and 
riscd  in  a  plane  at  right  angles  to  it. 
117)  In  all  ca»es  where  a  polarized  beam  is  received  on  a  re- 
j  or  auabjiing  surface,  the  plane  of  reflection  of  which  does 
cidc  with  the  plane  of  polarization,  the  plane  of  polariza- 
rnnes  changed.     The  rotation  of  tbe  plane  of  polarization 
laya  towards    that    of  reflection,    and  the    amount  of  this 
I  d(i{ieiida  upon  the  angle  of  incidence  which  tbe  ray  forms 
Uie  analysing  plate.     If  the  light  be  incident  upou  the  ana- 
I  pUle  at  the  polarizing  angle,  the  plane  of  polarization  is 
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brought  to  coincide  with  that  of  reflection :  hut  the  rotatioii  of  rt 
plane  of  polarization  is  less  in  proportion  ns  the  angle  of  incideii 
differs  more  from  the  polarizing  angle:  a  corresponding  altcnitio 
in  the  plane  of  polarization  ia  effected  by  refraction  upon 
transmitted  beam,  but  in  an  opposite  direction. 

(118}  Coloiirg  of  Polarized  Light .—\'{\\ca  a  l)eam  of  polai 
light  is  transmitted  in  particular  directions  through  plates  of  ilouhl 
refracting  bodies,  a  series  of  splendid  phenomena  are  obser^i.'d,  de 
pendent  upon  the  production  of  colours,  which  vary  with  the  cii 
eumstances  of  the  experiment,  'flic  simplest  method  of  renderin 
these  colours  visible  consists  in  adjusting  two  reHectore,  so  thi 
the  image  polarized  by  reflection  from  the  first  may  be  extingiiishi 
in  the  second.  The  first  is  called  the  polarizing,  the  second  tl 
analysing  plate.  By  introducing  a  thin  plate  of  any  doubly  i 
fracting  substance,  such  as  mica,  quartz,  or  sulphate  of  lime,  cut 
a  direction  parallel  to  that  of  the  optic  axis,  the  image  sudden 
reappears  in  the  analysing  plate,  but  it  is  tiiigcd  of  a  partici' 
colour,  If  while  the  ray  falls  perpendicularly  on  the  inlerimw 
plate,  the  plate  be  turned  round  in  its  own  plane,  two  positioi 
will  occur  in  which  the  imBge  completely  disappears;  th 
positions  are  at  right  angles  to  each  otiier.  In  one,  the  priucip 
section  of  the  plate  coincides  with  the  plane  of  polarieation,  and 
the  other  it  is  perpendicular  to  it.  The  colour  does  not  diau 
during  this  rotation,  but  only  varies  in  intensity.  But  if  t 
crystal  remain  fixed,  and  the  analysing  plate  he  made  to  rotat 
the  colour  will  pass  through  every  grade  of  the  same  tint,  into  t 
complementary  colour,  and  at  each  succeeding  quadrant  the  hue 
exactly  complementary  to  that  which  was  exhibited  in  the  proa 
ingone.  This  remarkable  phenomenon  is  most  distinctly  seen 
substituting  a  rhombohedron  of  calcareous  spar  for  the  analyM 
plate,  so  as  to  obtain  two  images  of  the  polarized  beam ;  on  tui 
ing  the  spar  round,  the  two  images  will  be  seen  tinged  of  C 
ptementary  hues  in  all  parts  of  the  revolution;  and  if  the 
images  be  allowed  to  overlap  a  little,  the  overlapping  portions 
in  all  positions  be  white.  By  varying  the  thickness  of  the  inb 
posed  crystalline  laminse,  the  tints  will  vary  according  1 
thickness,  and  the  succession  of  tints  will  follow  the  same 
as  in  Newton's  rings,  so  that  when  the  Inminic  exceed  a 
thickness  the  light  is  white.  The  production  of  these  colours 
rot  confined  to  crystallized  minerals,  but  they  are  obtainalile  il 
less  degree  with  substances  of  animal  origin,  such  as  quill,  lioi 
or  membrane. 

(119)    If  the  plate   interposed   between   the    polarizing   ■ 
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-iTjf Silg  snrfaces  Ire  cut  from  a  uniasal  crystal  in  a  direction 
'^jMttJiailar  to  that  of  the  optic  axis,  the  transmitted  ray  will 
:  li  be  coloured,  biit  the  phenomenon  is  different,  and  still  more 
■  dutiful.  A  ^erica  of  coloured  rings  will  be  observed,  intersected 
a  cross,  which,  in  one  position  of  the  analysing  plate  will  be 
||  te  (fig.  89,  i)  ;  on  causing  the  analyser  to  rotate  through  an 
\  of  90°,  the  white  cross  will  be  succeeded  by  a  black  one  (fig. 
,  2),  and  the  rings  of  colours  will  exhibit  tints  complementary 
those  before  observed;  at  the  next  quadrant  the  colours  of  the 
r-t  reappear,  whilst  at  the  succeeding  quadrant  they  are  again 
-n  I  piemen  tary.  Rotation  of  the  crystal  on  its  own  axis  produces 
^change  in  the  tints  or  in  the  position  of  the  cross. 


s  general  explanation  of  these  facts  is  not  diHicuU  : — 
r  p  p  (fig.  90)  be  a 
pa  of  the  interposed  Fio.  90. 

the  diverging 
I  beam,  t  t  the 
V  w  a  sec- 
I  vH  the  screen  on  , 
I  the  image  is  re- 
1,  it  is  obvious  that 
biys,  I  V,  which  tra- 
I  the  plate  f  f,  pa- 
)  to  the  optic  axis, 

r  no  change ;  but  all  the  lateral  rays,  i  u,  1  w,  which  fall 
I  p  p  more  or  leas  obliquely,  according  to  their  distance  from 
Till  be  doubly  refracted  in  opposite  planes;  one  of 
I  nj*  will  thus  be  retarded  upon  the  other,  and  as  soon  as 
B  brought  into  the  same  plane  by  the  action  of  the  analysing 
laKnr,  they  interfere,  and  give  rise  to  the  btWVmn^  cci\oMt& 
^arc  obaerred.     The  formatioa  of  the  cross  va  occaa\ovieA. ^I'J 
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brought  to  coincide  with  thai  ^  tk  phue  of  polanzation  of  thote 
plaoe  of  polariiation  ii  less^^jMl  MCtion  of  the  crystal  which  either 
differs  more  from  the  poTni  jm^gm&tn,  or  is  perpendicular  to  it; 
in  the  plane  of  polarint^  ^  got  intofere  when  analysed  by  the 
transmitted  beam,  but  ii^jj^  g^  are  alternately  white  or  black, 
(ii8)  Colowra  0/ Po^^ tonmaline  is  parallel  to  the  original 
light  is  transmitted  in  Y  -arti^  '"K^^  ^  ^^* 
refracting  bodiesj  a  srrf^^  ^^  m  aragonite,  carbonate  of  lead, 
pendent  upon  the  P'^^'^'V^^mV  u*  ^^^^  more  beautiful,  a  doable 
cumstances  of  the  exftf^^^^  jg  vUch  the  currea  arc  of  a  different 
these  colours  visible  "'"^^Mlicated  phenomena  resulting  from 
the  image  polariied  h^  ^1^  ^'^ '  ^^^  Burface  of  the  section 
in  the  second.  Thr*  ^mttti*'  ^'^  greater  the  angle  formed 
analysing  plate.  R;'  ^  ^  further  will  the  rings  he  asunder, 
fracting  substance,  1^^''"^^^^  other  in  nitre  at  an  angle  of  5°  10'; 
a  direction  paraiiti-* ^^^^-f  18';  in  borax  at  an  angle  of  39°;  and 
reappears  in  the  ■n^'^^^^^^and^o'':  the  position  of  the  inter- 
colour.     If  Mhiie<tf*™  ■^■imtalline  plate  is  made  to  rotate ;  and 


(Btary  when  the  analyser  is  turned 
(tf  these  figures  is  represented  fig.  91. 


ing  one. 
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connexion  has  been  established  be- 
the  state  of  molecular  tension  in  the 
^  thnc  appearances  may  at  will  be  pro- 
^ijii^  such  OB  glass,  or  in  regular  crra- 
intcrfcrcd  with  in  regular  progression. 
by  the  application  of  prcssnre  Inter- 

___j  previously  exerted  no  doubly  refrac- 

-^*J^  rtWBP'W*"'  acquire  a  negative  double 
**  ^"^_gntcd  by  a  neutral  line,  where  the 
'*^^^^pr  normal  condition,  from  those  on 
****^  km  become  dilated,  and  show  positiTs 
'^  IWIWO*  of  homogeneity  exists  permanently 
*  ^MWfwfaetly  aniicahti ;  and,  aecordiag  to 
•T"  7T__  jj  ^  poMible  to  alter  the  t 


IBClTLAa  polahization. 


IB*  a  square 

:  plate   be- 

the    iiDiaxnl 

nohonn  ia  11^. 

elliptic 

pUU  occasiouB  ringa  re- 

fcnble    to     the    biuxol 

(120)    Coloured   Circular  Polarization. — There   are,   liowevcr, 

which  the  plane  of  polarisnttoa  of  the  ray   ia  contiiuinlly 

duQgiiig  (iuriiig  its  entire  progress  through  the  medium  employed 

to  pnxluce   the    colouration;  in    some    auhstauccs   the  plaue  of 

polariiatioQ  revolves  from  left  to  right  (like  the  hauds  of  a  clock) ; 

111  others  from  right  to  left.     Bock  crystal  was  the  substauce  in 

iliich  this  effect  was  tii-st  observed.     If  a  polarized  ray  be  trans- 

■uitcd  through  a  plate  of  rock  crystal  cut  in  a  direction  perpen- 

.  cular  to  that  of  the  axis  of  the  prism,  the  plane  of  polarization 

I  idergoes  rotation  in  a  degree  proportioned  to  the  thickness  of  the 

-^le.     The  amount  of  this  rotation  diflers  for  each  colour,  and 

'Teases  according  to  the  increase  of  tlic  refraiigihility  of  the  ray. 

'-'-  the  incident  light  be  white,  the  emerging  light,  when  examined 

/  an   analysing  plate,  is   therefore   seen   to   be  coloured.     The 

ulral  portion  only  of  the  pencil  of  light  (which  traverses  the  plate 

riically,  parallel  to  its  optic  axis}  exhibits  these  phenomena;  at 

iliqne   incideaccs,   the  usual   law   of  interference  prevails,  and 

>I'.)iired  rings  are  formed.  Certain  crystals  of  quartz  produce  left- 

mded,  certain  other  crystals  of  it,  right-handed  polarization.     In 

^'--handed  quartz  the  central  colours  ascend  in   the  scale,  when 

I  anslyser  is  turned  in  the  direction  of  the  liatids  of  a  watch, 

■  ic:  saeceuion  being  red,  orange,  yellow,  green,  &c,,  and  the  rings 

-;'P<ar  to  expand  with  the  revolution  of  the  analyser.   When  homo- 

w^oieous  light  is  employed,  each  colour  disappears  at  a  particular 

S  of  the  analyser.     In  crystals  of  quartz  of  a  different  hemi- 

.  form,  or  in  which  the  secondary  planes  of  the  crystal  are 

differently   from  those   of  the   lefV-handed   variety,  the 

)  phenomena  occur,  but  in  the  opposite  direction.     Chlorate 

I,  which  crystallizes  in  forms  belonging  to  the  regular  system, 

i  hcinihcdrat  crystals,  and  exhibits  a  power  of  rotation  over 

I  [lolarized  ray,  analogous  to  that  of  quartz  ;  the  rotation  being      j 

^t-handed  or  left-handed,  according  as  the  crystal  is  hemihedial      1 

'  te  the  right  or  to  the  left.  ' 

Tiav  arc  also  some  liqauh  which  produce  circular  po\!u:\ia.\AOii  ol 
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kind.  Solutioa  of  Bugar-candy,  for  example,  givM  a  i^ 
totation;  oilof  lemoua  does  so  likewise.  Certain  varietia 
tQ  of  turpentine  produce  a  left-handed  rotation.  In  all  these 
CSK^  the  degree  of  the  rotation  eflected  by  liquids  is  much  lesft 
than  that  produced  by  quartz ;  and,  consequently,  the  light  most 
travi'ree  a  much  greater  depth  of  the  liquid  to  produce  the  effect. 
Oil  of  turpentine  has  a  power  not  exceeding  ,'-,  of  that  of  quarU. 
Dilution  with  an  inactive  liquid  does  not  destroy  or  even  weaken 
the  jxiwer,  provided  that  the  depth  of  the  column  be  increased  in 
proiwrtion  to  the  extent  of  the  dilution.  A  mixture  of  two  sub. 
stances  acting  oppositely  produces  a  result  exactly  equal  to  1 
dift'erenee  between  the  two. 

Biot,  who  discovered  the  phenomenon  of  circular  polarisation, 
liRB  applied  it  to  chemical  purposes.  It  may  be  used,  for  example, 
to  ascertain  the  purity  of  syrups ;  crystatlizable  cane  sugar  causei 
ft  riglit-handed  rotation,  while  the  molasses,  or  uncrystaUizable 
ayiiip,  produces  a  rotation  of  the  ray  to  the  left.  The  observation 
is,  however,  too  delicate  to  admit  of  practical  application  to  tha 
j)urposes  of  the  refiner.  In  order  to  measure  the  extent  of  the 
rotation,  the  solution  for  trial  is  placed  in  a  long  glass  tul)e  shown 
lit  0  0  (fig,  t)3),  closed  at  the  two  euda  by  flat  plates  of  glass.  Thil 


tiilhf  ■»  uUwd  within  a  metallic  tid)e,  r«,for  the  purpose  ofexcludb 

i4*V  '*i^*'     ^  '*"'™  ^'^  homogeneous  light,  obtained  hy  traiMmi» 

I  lihfVMtk  trd  gInM,  is  polarized  by  reflection  from  tlio  mir 

[  4  k      dk  NWul"*  |iri»ni,*  Of  o^^^  polarizing  eye-piece,  a,  is  k^ 


...  •iTi.riU  a  conveuicoL  meaui  of  ohtaining  a  ^oUrioj 

i.nhCU'VJOf  Uita.Vt«fti;<;A*\cm  Vl'ti-    \*.\t. k«wjmA' 
;  -ij  thaniboiilii\^T*ismQt\ct!\Mi4«v«^»™'i**'- 


MAGNETIC    POLARIZATION. 


I  to  admit  of  rotHtion  around  the  line  d  f ;  this  cye- 
■■V  is  provided  with   a  vernier,  m,  which  traverses  a  circle,  p  g, 
■  ided  to  degrees,  for  the  piir[.iose  of  measuring  the  angular  rota- 
■11  of  the  eye-piece.     The   eye-piece  ia  then  so  adjusted,  that 
ih{?a  the   polarized  beam  becomes  uo  longer  visible,  the  vernier 
mds  at  o".     Now,  if  the  tube,  a  o,  full  of  solution,  be  placed  on 
!■  supports.  A,  B,  so  that  it  shall  be  traversed  by  the  reflected  ray, 
■-'  light  becomes  visible  to  the  observer  at  »,  but  on  causing  the 
.-■-piece  to  rotate  to  the  right  or  to  the  left  (according  to  the 
::iire  of  the  solution),  the  image  again  disappears;  the  amount 
the  movement  to  the  right  or  to  the  left  expresses  the  amount 
rotatory  power  exerted  by  the  liquid  under  the  circumstances. 
An  experienced  observer  usually  substitutes  the  white  light  of 
■  _r  for  that  of  the  red  glass.    In  this  case  the  rotatory  power  is 
:  i-3*ured  from  a  particular  violet  tint,  the  tebite  de  passage  of  French 
writers,  which,  from  the  suddenuesa  with  which  by  a  i^ligbt  rotation 
it  passes  into  red  on  the  one  side,  or  into  blue  on  the  other,  is  the 
miiit  favourable  for  accurate  observation.     Tiie  tube,  with  its  liquid 
i-itcnt«,  is  interposed  between  the  polarizing  mirror  and  the  eye- 
roe,  prcTiously  adjusted  to  zero,  and  the  rotation  is  estimated  by 
!'■  angular  motion  necessary  to  produce  the  violet  tint.* 

It  is  rema.rkable  that  the  vapours  of  oil  of  turpentine  and  of 

■ne  other  liquids  which  exhibit  the  power  of  circular  polarization, 

iaplay   the   phenomenon    when   seen  through  very  long   tubes, 

1  more  feebly  than  the  liquids  themselves. 

(lai)  Faraday  has  discovered  a  new  modiUcatlon  of  this  pecu- 

r  form  of  polarization,  which  homogeneous  transparent  solids  and 

'   Sjiiids  eicrt  upon  light  with  various  degrees  of  intensity,  when 

«Jqect«!   to   magnetic  power  of  very  exalted  degree.     Some  of 

thcKC  singular  results  will    be   more    particularly  described  at  a 

fainre  point  {27:). 

The  Btudy  of  the  chemical  effects  of  light  will  be  postponed 
i*te  rl  teq.)  until  after  the  chemical  properties  of  the  elementary 
"."lies  have  been  described. 


(■  of  icrtimi  passing  tliroagL  the  opposite  obtuse  solid  ancles  of 
lu  to  divide  it  obliquely  into  tiro  eijual  portions ;  the  tivohiilvei 
■.iTi  thf'ii  re-uciiled  By  raeaus  of  Canada  bdlsaiu.  Wlion  light  is 
'  .  '.  the  prism  parallel  to  its  lenijth,  the  ini^iJent  light  falls 
.  <\\,'  layer  of  Canada  bulsam  ;  and  as  the  biiUain  baa  a 
It  than  the  ordinary  ray,  tiiia  ray  experiences  total  r<j- 
viniordinarc  raj  alone  is  transmitted,  Dec»uac  l\\.oirrfT«»- 
.:.s.na  bt-in^  fpvater  tiiaa  that  of  the  esliaotivaai^  t»^. 
not  oreur  in  lU  case. 
of  the  moat  approved  method  of  coniuiitiiig  fl«  o 
\^  -'"*  oV  Cimie,  m.  xx^i.  1J3,  -^ 


CHAPTER  V 


r  {  I.  Expansion. — Measurement  of  Temperature. — §  II,  Meant  q 
mamtaining  Eijmlibrium  of  Temperature. — §  III.  Heat  i 
Composition. 

(122}  Upon  the  due  understanding  of  the  principles  and  appli- 
cationB  of  heat,  much  of  the  successful  prosecution  of  chemical 
research  depends.  There  is  scarcely  a  chemical  operation  in  which 
lieat  is  not  either  emitted,  absorhed,  or  purpoeely  applied  to  pro* 
duce  the  required  result.  Heat  in  one  mode  of  its  manifestatioa 
presents  the  closest  analogy  with  light,  which  it  very  generally 
accompanies.  lu  this  condition  it  is  known  as  radiant  heat ;  and 
in  this  form  that  the  main  supply  of  heat  is  transmitted  from 
the  sun  to  the  surface  of  the  earth. 

It  is,   however,   after  heat  has  fallen  upon  the  surface  of  aa 
object  and  has  become  absorbed,  that  its  most  important  effects 
are  mauifested.      It  is  only  then  that  the  sensation  of  warmth 
esjierieiiced ;  then  it  is  that  expausion  takes  place  in  the  heated 

,   bodyj  and  it  is  then  only  that  the  phenomena  of  liquefaction  orof 
evaporation  may  ensue.     Heat   may  also,  after  its  absorption,  be 
again  transmitted  from  the  heated  body,  by  secondary  radiation, 
oiher  objects  around,  or   it   can    be   propagated  more  slowly  by 
conduction  from  particle  to  particle  through  the  mass. 

Heat  likewise  is  susceptible  of  entering  for  a  time  into 

I  composition  of  a  body,  and  of  altering  its  physical  state.     Wlieu 
a  solid   becomes  liquid,  it  unites  for  a  time  with  a  qi 
heal,  which  ia  perfectly  ddiuite;  for  instance,  a  poond  of 
undergoing  liquefaction,  always  requires  a  uniform  quantity 

tto  priKhice    this    eScct;    the  water  obtained  appears  no 
than  the  ice;  and  the  heat,  though  it  for  &  time  ce 
the  senses,  is  not  lost,  but  is  again    given    out  when  tliaj 
passes  back  into  the  state  of  ice.     The  heat  which  disapi 
liquefaction  is  said  to  have  become  latent;  and  it  ngmn  beooi 
sensible  aa  the  solid  condition  is  resumed. 
In  considering  the  relations  of  heat,  the  subject  may  thi 
ttaturnlly  be  subdivided  into  three  sections: — 
The  first  of  these  embraces  tlie  phenomena  of  exptmamif 
their  applicatioa  to  the  mcaxurement  of  temperature,  includhv 
n'aeiplea  of  the  thcrniomuter  and  the  ipvtomcu«  ■.  "Cwi  vMomA. 


ICEB    OP    BEAT. 

'  I  the  moSea  in  wliicfa  the  equilibrium  of  temperature  is  suataiocd 

■r  restored — viz.,  by  conduction,  by  convection,  and  by  racJiatioii : 
mA  tlie  titird  relates  to  heat  in  combination,  including  specific  lieat, 
ifac  [irocessci  of  congelation  and  liquefaction,  and  those  of  ebullition 
lud  cvH))oratioii. 

Before  passing  to   the  immediate  consideration  of  tbese  sub- 

■  i?u,  it  will  be  advantageous  briefly  to  review  the  principid  means 

-  oar  cQinmaud  for  procuring  a  supply  of  the  heat  by  artificial 
:-iiana. 

(iij)  Sources  of  Heat. — i.  The  auii  obviously  affords  the 
jln  Hipply  of  warmth  to  the  globe.  It  may  furnish  some  aid 
KTord'i  a  conception  of  the  enormous  amount  of  heat  continually 
iLinating  from  tbe  sun,  when  we  state  that,  calculating  from  the 
■:ao  distauce  of  the  earth  from  the  sun,  and  from  the  area  which 
r-  tartb  t-xposea  to  the  solar  ray,  the  quantity  of  beat  which  reaches 
■  earth  is  not  at  any  given  moment  more  tlia»  the  two  thousand 
rcc  hnndred  and  eighty  miUioutli  part  of  that  emanating  from 

■  r  5Un. 

1.  There  arcj  however,  many  other  sources  whence  beat  may 
'  prucurcd.  Friction  is  oue  of  them.  It  is  remarkable  that  the 
^[iply  of  beat  from  Ibis  source  is  apparently  unlimited.  Some 
-i.igc  nations  employ  the  friction  of  two  pieces  of  dry  wood  as  a 

t.Aus  of  obtaining  fire  ;  and  it  is  known  among  ourselves  that  the 
•  lea  of  wheels  and  other  parts  of  machinery  exposed  ito  rapid 

I'.ion  combined  with  pressure,  are  Habie  to  become  so  much  heated 

-  to  char  or  ignite  the  woodwork  in  their  immediate  vicipity. 

In  order  to  obtain  some  idea  of  the  amount  of  heat  produced 
/  friction,  tbe  following  experiments  were  instituted  by  Ituraford 
I'W.  Trarts.,  1798,  p.  80)  r — A  brass  cannon,  weighing  113  lb., 
L*  m»lc  to  revolve  horizontally  with  a  pressure  of  about  1 0,000  II). 
r-iiiHt  a  blunt  steel  borer,  at  the  rate  of  32  revolutions  per  minute; 
:  half  an  hour  the  temperature  of  tbe  metal  bad  risen  from  60" 
<  130^ ;  this  heat  would  have  been  sutScient  to  have  raised  5  lb. 
■■  «alcr  from  32°  to  212°.  The  experiment  was  subsequently 
iried  br  placing  tbe  cannon  in  a  vessel  of  water,  and  friction  was 
^iJB  applied  ;  in  this  case,  i8j  lb.  of  water  at  60°  were  actually 
-tit  tn  1>oil  in  2}  hours.  The  beat  thus  obtained  was  calculated 
^j  Romford  to  be  somewhat  greater  than  that  given  out  during 
1  by  the  burning  of  nine  was  candles  each  i  inch 


most  curious  proofs  of  the  extrication,  ot  Ve.».^  V'^ 
'onk-d  in   an   experiment  by  Davy,  m  ■w\\Ve\v  V«o  I 
made  to  rub  agaiast  each   other  in  vacuo,  al  a  \ft,TO.-f 


IPURCEB    OF   HEin 


rperature  below  33*,  were  melted  by  the  heat  devdbpefl' alllif ' 
faces  of  contact. 

The  experiments  of  Joule  (Phil.  Truns.,  1850,  p.  61)  appeu 
to  show  that  the  actual  quantity  of  heat  developed  by  fiictiun  It 
dependent  sioiply  upon  the  amount  of  force  expended,  witbout 
regard  to  the  nature  of  the  substances  rubbed  together.  He  found, 
as  a  mean  of  forty  closely  concordant  eiperimenls,  that  when  water 
was  agitated  by  means  of  a  horizontal  brass  paddle-ivheel,  made  tO 
revolve  by  the  descent  of  a  known  weight,  the  temperature  of  I  lb. 
of  water  was  raised  1°  F.  by  the  expenditure  of  an  amount  of  force 
sufficient  to  raise  772  lb.  to  the  height  of  one  foot.  flTien  cut* 
iron  was  rubljcd  against  iron,  the  force  required  to  raise  t  lb.  of 
water  1'^  P.  was  found,  as  a  mean  of  twenty  experiments,  to  be 
about  775  lb.,  and  by  the  agitation  of  mercury  by  means  of  aS 
iron  paddle-wheel  it  was  found  to  be  7741b, 

The  conclusion  drawn  from  these  experiments  was — that  the 
quantity  of  heat  capable  of  raising  the  temperature  of  1  lb  of 
water  (between  55"  and  60°)  by  1°  F.  requires  for  its  evulution 
the  expenditure  of  a  mechanical  forceadequate  to  lift  7731b.  i  foot* 
3.  Percussion^  which  is  a  combiuatiou  of  friction  and  compro* 
sion,  is  a  method  of  eliciting  beat  which  is  frequently  practised,  at 
is  seen  in  the  use  of  tiie  common  steel  and  flint,  where  tlie  com* 
pres^iou  extricates  heat  enough  to  set  fire  to  the  detached  portioni 
of  steel.  It  is  not  an  uncommon  practice  among  blacksmiths,  to 
show  their  agility  and  dexterity  by  hammering  a  piece  of  erfd 
iron  ou  the  anvil  until  it  becomes  red-hot  from  the  heat  extricatod 
by  compression.  It  is,  however,  remarkable  that  iroB 
Fig.  94.  once  heated  in  this  way  cannot  again  lie  made  red-bot 
by  hammering  unless  it  has  been  subsequently  lieAtod 
in  the  forge.  Many  other  similar  instances  tniglit 
be  adduced :  in  the  rolling  of  brass  and  of  copper,  for 
example,  tlie  bars,  as  they  issue  from  the  rollers,  be* 
twecu  whicli  they  have  been  subjected  to  euormou 
h  pressure,  become  much  heated,  although  they 
V'qnite  cold  when  they  entered  the  roIHug-mill. 


L 


•  This  may  be  esprewed  ia  terras  of  tin.-  Freueh  r 

sjetera  as  follows: — A  uni'C  of  heat,  or  tiie  lioat  csp&bis  of 
rsiBing  I  (TTamine  of  water,  i^C,  a  equivaleDt  to  a  force  w*^'"*" 
would  liftr  4Jj'.<i5  ftraniiiiea  t.lirixigh  s  hei^Iit  of  1  niptrp. 

Tlie  appnrstUB  employed  in  thp  dptj-rniiTiatioQ  of  tbll 
Bmoual  of  heat  givon  out  durinfi  tho  friftion  of  wat«T  0 — 
BJBteil  of  B  braHH  paddle-wheel  furniBhod  with  eight  sets  bTtw...— 
rerolviijg  betwe«in  four  sets  of  Btationsry  raoea.  Fig.  34,  No- 
shows  n  vertical  seclioD  of  tho  paddle,  and  ^o.  1  a  traiuTSB' 
BcrlioQ  of  the  vessel  and  paddlo.    This  padiUe  was  fiUed  ■ 


1    Anoflicp  source  usually  resorted  to  for  procuring  heat  artiJ 

'^  U  chemical  action.     Whenever  this  occurs  with  high  intenJ 

y,  heat  is  evolved,  and  it  is  very  generally  accompanied  by  exJ 

cation  of  ligtit,  of  which  a  common  fire  affords  the  best  pructicall 

Sutration.     The  chemical  actions  which  are  constantly  going  ow 

',  animals  are  also  never-ceasing  sources  of  a  regulated 


o  K  copper  vesael,  c,  fig.  95,  provided  with  a  lid  in  wtuab  were  two 
Fio.  95. 


k>  one  allowing  the  pasande  of  the  axis  withont  actual  nentv*  wiM 
Ft  ft  for  tli«  inaerlion  of  a  thermometer  gradoated  to  handredthB  01 

A  weighed  quantity  of  water  waa  introduced  into  the  ves9el,j| 
wnture  asi'ertained  with  minute  preciBioii.  In  order  to  (ireBeut  J 
:  by  conductioQ,  the  vessel  was  snpported  upon  i  woodflD  bIooI, 
mI  Of  a  pieue  of  boxwood,  h,  with  the  apparatus  for  producing 
Motion  was  i^iTen  to  the  oxiB  by  the  aeecent  of  two  leaden 
me  nf  which  b  ihown  at  w,  fig.  95,  Thene  weights  were  Bugpended 
^  OVBF  two  woodi-Q  pulleys,  one  of  whieh  it  ahown  aip,  rest*  " 

JODbtj,/^  and  the  pulleys  were  conneetcd  by  fine  twine  wi 
Bvbicb.  by  mc«nB  of  a  piii  could  he  readiiy  connected  with.  l_    _. 
»,  the  calorimeter,  c.     The  descent  of  the  weights  wae  meaauretf^ 


>.  made  of  iron  inRtead  of  brasa.  wi 

9  uned  for  meaauring  the  hfot  1 
The  ftpparalus  for  meaaiiring  the  f 
?d  of  a  vertical  ftsis  carrjin 
a  wheel,  aiiainat  which  n  stationary  bevtOled  wheel  «a^  presBod 
the   wUooli    wore    enclosed   in  a   c««t-iron  vessel  fillwi  i 

enieriment  amownted  id  ttie  c«8«  i 

of  mercury,  the  mean  rue  &\vtVi\%  Vf 

of  eaat-iroa  it  wne  4^ 


nded  Oj 

lored'^^H 

e    , 


emission  of  teat,  and  they  differ  only  from  those  of  tlic  furnace  m 
the  more  moderate  and  subdued  amouut  uf  heat  emitted  iu  a  gym 
time  and  in  a  given  space. 

5.  Accumulated  electricity  is  another  source  of  intense  beat. 

6.  Iu  addition  to  tlic  above-mentioned  Bourcea  of  i 
Pouillet  {Aim.  de  Chimie,  II.  sx.  141)  has  shown  that  the  simpli 
act  of  moistening  any  dry  substance  is  attended  with  slight  yet 
constant  disengagement  of  heat.  With  bodies  of  mineral  orighii 
when  reduced  to  a  fine  powder  with  a  >iew  of  increasing  U 
extent  of  surface,  the  rise  of  temperature  does  not  exceed  from  hi 
a  degree  to  3"  F. ;  but  with  some  vegetable  and  animal  auhst&noe 
such  as  cotton,  thread,  hair,  wool,  ivory,  and  well-dried  paper,  I 
rise  of  temperature  varying  from  2"  to  even  10"  or  1 1*  P.  has  be 
observed. 

7.  Besides  these  sources  of  heat  tliore  can  be  no  doubt  of  t 
existence  of  a  nucleus  of  intensely  heated  matter  within  the  t 
of  the  earth   itself,  although  it  has  no   sensible  effect  upon  I 
superficial  temperature  of  the  globe.     If  a  thermometer  be  biu 
30  or  40  feet  Iwneath  the  surface,  it  is  found  to  undergo  no  clianga ' 
with  the  alternations  of  the  seasons,  but  on  proceeding  to  greater' 
depths  the  thermometer  is  found  to  rise  progressively,  though  at 
quite   uniformly  at   all  places.     If  it    he    assumed  that  on  U 
average  this  increase  of  temperature  is  1°  F.  for  every  jo  feet  4 
descent,"*  aud  if  this  rate  of  progression  be  continued  unifonnl' 
as  the  deptii  increases,  it  would  be  at  the  rate  of  100°  per  mile 
so  that  at  a  depth  of  a  mile  and  a  half  the  temperature  wonld  I] 
as  high  as  that  of  boiling  water,  and  at  the  depth  of  40  milts, 
temperature  of  4000°  F.  would  be  attained,  considerably  bcytm 
the  melting  point  of  cast  iron  or  even  of  platinum.     The  existenc 
of  this  central  licat,  wliich  rises  to  a  degree  sufKciently  high  t 
fuse  the  rocky   coustituents    of  the  earth's  crust,  is  ahundaal& 
manifested  in  the  torrents  of  melted  lava  which  are  from  tiiq" 
time  poured  forth  in   volcanic  eruptions ;  aud  the  occui 
racks  at  great  depths,  which  bear  evident  marks  of  igneous  J 
attests  the  high  temperature  of  the  interior  of  the  earth, 
central  heat  is  prevented  from  reaching  the  surface  by  the  loir 
ducting  power  of  the  euvelope  composing  the  strata  upon  tlie  Kurfao 

(134)  Nature  of  Heat — Mechanical    Theory    of  IIeat.~ 


•  Cordier  conBidera  i*'  in  45  ffBt  not  too  high  so  ttitiinaU.     Tile  tut 

I  tomperature  in  eti  of  the  duepest  mineB  of  North  umber  load  anil  DudHukS 

F.  for  44  feet;  in  the  Saxon  argentiforouB  lead  mines.  It  «a«  ' 
a  60  feet,  and  th«  same  incrmse  o[  tem9eTsXui«««»Q\iMrc«dui 
1  of  Crenelle  at  PariB.— (Ljell,  Priuc.  OttA..  iliiei.^  ^\v\ 


SCBiNICiL   TBEORT    OF    HEAT.^ 

pcuidpol  views  of  the  nature  of  heat  have  been  entertained  since 
a{)eruacnUil  science  has  been  actively  eultivated.  One  of  these 
TJfWB,  which  is  supported  chiefly  by  the  phenomena  of  latent  heat, 
iTEariis  hea.t  as  an  extremely  subtle  material  agent,  the  particles  of 
»Iiirh  are  endowed  wiih  high  aelf-repuUion,  are  attracted  by  matter, 
hut  are  not  influenced  by  gravity.  On  the  other  theory  heat  is 
«iptM)ied  to  be  the  result  of  molecular  motions  or  vibrations. 

The  latter  view  was  powerfully  advocated  by  Count  Rumford, 

mI  by  Davy,  who.  In  the  early  part  of  the  present  century,  iiisti- 

.!m1  an  important  series  of  experiments  upon  the  production  of 

■il  by  friction.      Muny  philosophers  were  subsequently  induced 

10  adopt  the  theory  of  the  vibratory  nature  of  heat  as  maintained 

IiT  tbe»e  eminent  men.     The  opinious  of  Davy  upon  this  subject 

tn  thus   stated  by  him   in    his   treatise  on  Chemical  Philosophy, 

;.  -4^.      "It  seems   possible  to  account  for  all  the  phenomena  of 

-I  if  it  be  supposed  that  in  solirls  the  particles  are  in  a  constant 

!te  of  vibratory  motion,  the  particles  of  the  hottest  bodies  moving 

til  the  greatest  velocity,  and  through  the  greatest  space ;  that  in 

iiiiit  and  etaitic  fluids,  besides  the  vibratory  motion,  which  must 

conceived  greatest  in  the  la*t,  the  particles  have  a  motion  round 

■  -T  own   axes,  with   different  velocities,  the  particles  of  elastic 

iil»  monng  with  the  greatest  quickness ;  and  that  in  ethereal  sub- 

i.fca   [mcaaiug  by  this  term  light,  heat,  and   electricity]   the 

-  iict^s  move  round  their  own  axes,  and  separate  from  each  other, 

i.-truting  in  right  lines  through  space.     Temperature  may  be 

iTlvtt)    to   depend  upou    the    velocities  of  the    vibrations  ;  in- 

.^e  of  capacity,  on  the  motion  heiug  performed  in  greater  space, 

!  the  diminution  of  temperature  during  the  conversion  of  solids 

•  fluiils  or  gases,  may  be  explained  on  the  idea  of  the  loss  of 

i-storr  motion,    in   consequence    of  the  revolution  of  particles 

■id  their  axes,  at  the  moment  when  the  body  becomes  fluid  or 

frra,  or  from  the  loss  of  rapidity  of  vibration  in  coascquencc  of 

I  iif  the  particles  through  greater  space." 

.  rimcnts  of  Joule  on  the  definite  amount  of  heat  de- 
irirtion  {Phil.  Trans.  1850)  have  recalled  the  attention 
,  iirrs  to  these  views;  and   the   mathematical    theory  of 
Liided  by  Camot,  in  accordance  with  them,  has  under- 
v             ;t   revision,  particularly  by  Clausius,  Kankine,  and  W. 
consequence  of  which  the  hypothesis  involved  in  the 
HKchanintit  theory  of  heat  has  been  favourably  receivei. 
riew,  although   the  ideas  of  Davy  quoted  a.\iQ\e  \vwie 
exteosions  aad   modifications  by  60mc  ■wn'tere, 
asaame  the  jwrti'vular  kind  of  molinw  m  t\\<i 
»» 


nifCTION   BETWEEN   UEAT  AND  TKMFKW 

interior  of  lK>dic3  nhich  may  be  conceived  to  be  the  cause  of  fl 
peculiar  phenoruenR  of  heat,  but  only  to  suppose  tliat  a  motion  < 
the  particles  exists,  aud  that  tlie  heat  is  a  measure  of  the  vit  u 
of  this  motion.  The  important  principle  of  the  tUiwry  is  tiii»:- 
In  alt  caK8  where  mechanical  effect  it  produced  by  heat,  a  q 
oj  heat  is  usud  up,  proportional  to  Ike  mechanical  effect  prodacxi 
and,  conversety,  the  same  quantity  of  heat  can  be  again  g 
by  the  expenditure  of  just  so  much  mechanical  effect. 

There  can  be   no  doubt  that  thia  theory  will  bear  i 
fruit,  from  the  new  lines  of  research  which   it  suggests;  but  4 
present  its  postulates  rest  on  grounds  by  no  means  obvious,  audi 
is  too  speculative  to  render   its  further  prosecution  at  this  p 
advisable. 


§  I.  Expansion — mbasvrement  op  tempehatobe. 

(125)  Difference  between  Heal  and  Temperature. — The  aSi 
of  a  hot  or  of  a  cold  subaiaiice  upon  our  ^.'usations  enables  lu 
distinguish  the  one  from  tbe  other;  but  tbe  impression  thus  prodoo 
is  only  comparative,  and  afl'ords  no  exact  criterion  of  the 
of  beat,  the  sensation  produced  Iwing  referable  to  the 
of  tbftt  part  of  tbe  body  to  whicb  it  is  applied  at  the  particidl 
moment.  Heat  and  cold  are,  in  fact,  merely  relative  terms ;  ect 
implying  not  a  negative  quality  aTitagonistic  to  beat,  but  siaqil^ 
the  absence  of  beat  in  a  greater  or  less  degree.  It  is  singular  t\M 
intense  cokl  produces  tbe  same  sensation  as  intense  heat,  aud* 
freezing  mixture,  as  well  as  boiling  water,  will  blister  the  part  M 
which  it  is  applied. 

Heat  produces  no  alteration  in  the  weights  of  bodies ;  conHj 
qnently  tbe  balance  cannot  be  employed  asameasureof  itsanxMuE 
All  bodies,  however,  wlien  heated,  acquire  an  increase  in  balk,  uj 
return  to  their  original  dimensions  in  cooling,  and  the  mcason  oj 
the  amount  of  expansion  is  universally  employed  as  tbe  mcaaore  d 
temperature. 

It  is  necessary  to  draw  a  distinction  between  the  terms  Actf| 
and  tcHperaturi:,  which  are  applied  to  indicate  very  difiercut  thingii 
Ity  the  term  beat  is  meant,  in  philosophical  language,  tbe  powi^ 
whatever  it  be,  which  excites  in  us  the  sensation  of  warmih  ;  tij 
temperature  is  meant  the  energy  uith  which  tlic  heat  in  a  body 
t<.-iids  to  transfer  itself  to  other  bodies.  In  other  words,  the  lenfa 
pcratiire  of  a  body  is  that  modification  of  liuat  which  is  perceptibli 
'a  tile  senses  or  can  be  measured  h'j  tW  lVlCTIoomc^AT.  l£  two  4| 
e  masses  of  matter,  of  the  same  or  oi  Ai^ScwnA  Vv^%,  vto^  1 


^T^'"!  ^slc'^i  or  spirit  of  wine,  wlien  brouglit  inlo  roiitact 
m  theniio meter,  cause  tlie  mercury  wliicli  this  instrument 
ks  to  Btand  at  the  same  point,  they  are  said  to  have  tha_ 
■empemturp.  But  the  temperature  of  a  body  affords  no  inn 
nof  the  actual  quantity  of  heat  which  it  contains.  A  l)ii^| 
wi^  water  may  raise  a  thcnnometer  to  the  same  degree  as  |H 
■  of  the  ^ame  water,  though  it  is  obvious  that  the  largetH 
Ety  of  the  li<]uid  coutaiiis  the  greater  amount  of  hcaffl 
t  suppose  a  thermometer  to  staud  in  water  at  ^o'^  in  on^| 
■e,  and  at  ioo°  in  another,  in  equal  quantities,  of  tlie  liquid  ^M 
Dd  be  a  mistake  to  suppose  that  in  the  latter  cose  the  wate^B 
■e  as  hot  as  iu  the  former.  The  zero  of  the  thermomet^M 
lis  entirely  arbitrary,  and  does  not  indicate  the  cumpletffl 
k  of  Iieat,  which  may  be  abstracted  continuously  from  bodieifl 
Koagli  tbcy  may  have  been  already  cooled  to  o°.  ^ 

Wa6)  Expansion  of  Sotids. — Solids,  as  might  !je  expected  from 
■niton  of  cobesiou  among  their  particles,  espand  less  for  equal 
Idds  of  temperature  than  either  liquids  or  gases.  Solids 
Hy  expand  uuifurmly  iu  alt  directions,  and  on  cooling  return 
p  origiual  shape.  Lead,  huweverj  is  so  soft  that  its  particles 
per  each  other  in  the  act  of  expansion,  and  do  oot  return  to 
Bigioal  position.  A  leaden  pipe,  if  uied  for  couTeying  steam, 
■enlly  lengthens  some  inches  in  a  short  time,  and  the  leaden 
K  of  a  sink  which  often  receives  hot  water  becomes,  in  the 
■of  ttse,  thrown  up  into  ridges  and  puckers. 
Bt«cherlich  {Poggendorff,  Ann.  x.  137)  has  discovered  that 
fee  crystals  which  possess  a  doubly  refracting  action  upon 
pipaiid  unequally  in  different  directions  when  heated,  The 
Bf  a  crystal  of  calcareous  spar,  for  instance,  is  slightly  altered 
fteated :  the  obtuse  angles  become  more  acute,  and  the  iiicli- 
bftbo  faces  of  the  crystal  to  each  other  becomes  lessened'! 
B  ftD  devation  of  temperature  from  32"  to  212°  F. 
■clongateA  most  iu  the  directiou  of  the  optic  axis,  and  indeed 
■llj  contracts  at  the  same  time  in  directions  at  right  auglei 
K  Such  crystals,  however,  form  no  exception  to  the  genera 
■at  the  bulk  of  bodies  is  increased  by  heat.  ]t  hiia  been' 
■ued,  for  iustance,  that  a  crystal  of  cnlc  spar  increases  in 
■tveen  32°  and  212°,  to  the  extent  of  1  part  in  jro. 
■erent  solids  expand  very  unequally  for  equal  additions  of 
Kac,  for  example,  dilates  much  more  tbau  iron,  and  iron 
Ban  glass,  Tlie  total  expansion  of  a  body  may  be  obtained 
prly  by  multipJ/iu^  the  linear  expansion  (,or  expatvKvou  "\"ci. 
ub/  three.       The  foJhwing  table  gives  sotue  mea&uicro.*;?*.* 
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^i  bulk  wLicli  is  experienced  h 


■•*••  ■! 


..•  C 


Solids. 
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A  Length. 

1       In  Bulk. 

Auth'.iritT. 
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in 

I24S 
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I  in  3H2 

)  Dulonij 
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1000 

I  in  s:i3 

Wollaston 
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in 

926 

I  in  309 

LaT.  and  La  pi. 
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in 

923 

I  in  307    i  Smeaton 
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in 

H46 

I  in  2S2       Diilon^A Petit 

.  » 

in 

718 

I  in  239    '  Snu^aton 
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in 

6S2 
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"  % 

in 

• 

5.36 

I  in  194 

Lavoisier 

>»i* 

in 

• 

I  in  179 

>.      aiul 

m 
in 

516 

I  m  175 
I  in  172 

1  Laplace 
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in 

35 » 

1  m  117 

* 

m 

340 

I  in  113      Smeaton 

».  :!s  Tiiioh  were  obtained   bv  DaiiicU,  witl 
.-.  -  .*:'  baked  blacklead    ware,  and  measuit'f 
:^  .  show  the  expansion  of  certain  solid 
yi:.\  Trans,  1832,  p.  456.) 
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At  hna". 

At  FuHing  Puinl. 

.'N.V-M4 

1000703 

ICO2995 
1002995 

1  1009926  maximum, 
(      hut  not  fused. 

,\»)S4    ! 

IOO44S3 

{  101837810  the  fu-injr 
(      point  of  cast-iron. 

1003943 
1004238 

1016389 

.V.430     . 

1006347 
IO06SS6 

1024376 
1020O40 

X':4So 

IO0S527 

1012621 

'V.\?-'3 

1009072 

.vu:^  i 

100379s 

.%!«.*.     • 


. .:  ..  *.J^«  *:x\vond  a  ccrttiin  point  overcomes  the  cc 

<.  1 1 ,  *:  •^.  *'^  assumes  the  liquid  form.      Tlie  quantit; 

•V  AT  i"^*iV*  this  varies  greatly  with  the  nature  of  th 

>4.ttiv  *>^*»*  melting  at  a  much  lower  temperature  thtt 


^B  XX?ANBIOH  or  LIQUIDS. 

'     (13;)  Expansion  of  Liquids. — LiqiiicJs  e\ pan d  proportional 
tnncli  more  rapidly  than  solids.     Thej  differ,  also,  in  expansibili^ 
la  »  much  greater  extent ;  generally  the  most  volatile  are  1 
nptnsible.     This  is  remarkably  shown  in  the  case  of  the  liquids 
lAuined  by  the  comlcnsation  of  the  gases  (182),  which  are  even 
.rapidly  dilated  by  heat  than  aeriform  bodies. 


r»te  of  expansion  offered  by  some  important  liquids. 
Bse,  the  volume  occupied  by  1000  parts  of  the  liquid  at  iU 
liltng  point  serves  as  the  starting  point  of  the  comparison, 
wtions  of  the  horizontal  lines  to  the  right  of  the  point  where 
V  cut  by  each  curve,  indicate  the  bulk  of  each  liquid  at  tem- 
resbclow  the  boiling  point;  these  temperatures  are  represented 
ireoheit's  scale  in  the  left  hand  column,  and  in  Centigrade _ 
J  ou  the  right  hand.  For  instance,  w  represents  the  curve  a 
commencing  at  1000  in  the  left  hand  iipi>er  comer  of  the  tabid 
Bof  water  at  i/s",  n//cn  cooled  36'^  below  the  \)o\\\ng\io\li 
F.,  occupy  a  balk  of  pStf  parte  ;  at  144°  F .  \ie\ow  \KSa3 
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EXPANSION   OF  LIQUIDS. 


or  at  6S^,  these  looo  parts  will  have  become  960  parts^  the  canre 
cutting  the  vertical  line  marked  960.  m  indicates  the  contraction 
of  mercury;  w,  water;  a^  alcohol;  s,  wood-spirit ;  f^  formic  ether; 
n>  chloride  of  silicon :  e,  ordinary  ether.  It  has^  howeverj 
been  found  by  comparing  together  liquids^  not  at  the  same  tempe- 
rature, but  at  equal  distances  from  the  boiling  point  (the  point  at 
which  cohesion  is  just  about  to  yield  to  the  repulsive  action  of  heat), 
that  in  many  liquids  of  analogous  chemical  composition  the  expan- 
sion is  very  nearly  uniform.  The  same  thing  has  also  been 
observed  between  some  liquids  which  present  no  analogies  in  their 
nature.  This  subject  has  been  investigated  with  great  care  by 
Pierre  {Ann.  de  Chimie,  III.  xv.  325;  xix.  193  ;  xx.  5  :  xxi.  336 ; 
xxxi.  118 ;  and  by  Kopp,  Pogg.  Annal.  Ixxii.  i  and  223 ;  Liebig'i 
Annal.  xciii.  157 ;  xciv.  257 ;  and  xcv.  307).  In  most  instances 
there  is  a  very  satisfactory  agreement  between  the  results  obtained 
by  these  observers  upon  the  same  liquid.  Some  of  their  results 
are  embodied  in  the  following  table.  The  bulk  of  each  liquid  at 
its  boiling  point  is  taken  as  10,000.  The  numbers  in  the  table 
indicate  the  volume  of  the  liquid,  first  at  72°  F.  below  the  boiling 
})oint  of  each  liquid,  and  again  at  a  still  lower  temperature,  126^ 
below  that  point;  the  most  expansible  liquids  being  placed  first 
in  the  table. 


•  10000  P«rt«  of  the  following  Liquids 
,  at  Duiling  Point. 


Formula. 


Kthor   

Hioblorido  of  Silicon 
iMiloride  of  Ethyl     . 

I  Acetate  of  Kthyl  . 
j  '  Fonniuto  of  Etliyl 
I  ■  A^'otntt*  of  Methyl  . 

( liutynite  of  Methyl 

( lUityrute  of  Ethyl  . 
1  Valerate  of  Methyl 

C  lhH>miile  of  Methyl 
I  Ifiroiuide  of  Ethyl  . 

^  Hiohk>rid«>  of  Tin    . 
^IVccKloride  of  l*h(Mphoru8 

bk*iu\d 

t^l\nc  Aoid  .  • 
VsXiic  Aoid .  .  . 
V\^uic  Acid     .     • 


(C,  H.  0). 

Si  CI, 
C.  H.  01 

C,  H.  O.  C.  H.  0. 

C.  H.  0. 0,  HO. 

C.H,O.C,  H,0. 

C.  H.  0,  C,  H,  (). 

C,  H.  0,  C.  H,  0, 
C,  H.  0,  C„  H,  0, 

C,  H,  Br 
C,  H.  Br 

SnCl, 
PCI, 

C„H. 
HO,  0,  H,  0, 
HO,  C.  H,  O, 
HO,  C,  H  0, 

C.H.I 
C.H,I 


Volume  at 

Volume  at   1   r\u 

7a*>F. 

iib'^F. 

vro* 

below  boiling. 

below  boiling. 

server. 
P. 

9384 

9.390 

9027 

t$ 

9419 

ff 

9424 

9053 

»i 

9430 

9064 

M 

9431 

9065 

n 

9438 

9075 

n 

9446 

9065 

99 

9445 

9084 

Kp. 

9438 

P. 

945^ 

9091 

Kp. 

9475 

9130 

P. 

9484 

9157 

t» 

9486 

9145 

Kp. 

9497 

9164 

M 

9,^-20 

9207 

M 

9560 

9264 

» 

9494 

9163 

P. 

95 '4 

9187 

ff 

\    9\9^ 

\    9M^  . 

^  >.-S 
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Hydro-J 

ited    Dntehl 

Liquid     ....    J 

«.niutedH7drochlo-> 

.     Kthcr.     ...    J 


'I'le  of  Titanium  , 
-nde  of  Anienio  . 
I.-  of  Elnjl  .  . 
.  :i.idaor?ho«phon 
:.dii  of  Silicon       . 


C,H,C1,.C1 

c,H,o.no 

C,  H,  O,  HO 

C„  H„  O.  HO 

(C.  H,'o,*SO,), 

Bt 

TiCI, 

AsCI^ 


948  i 
95'8 


9j3<5 
95°3 
952" 

9547 
9,1  .J3 

9561 
961. 


9190 
9094 


9247 
9347 
9256 
9264 
9.353 
9-Uo 


p  expanaiou   of  the  different  liquids  used  ia  these  experi— I 
.5  vas  determined  by  inclosing  in  tubes  similar  to  those  em- 
ed  for  therm 0 meters,  known  bulks  of  the  liquid  at  a  particular    1 
perature,  and  measuring  the  expansion  experienced  in  each  case,  I 
'"^  tlie  necessary  correction  for  the  dilatation  of  the  glas 
■■.    Id  fact,  a  number  of  thermometers  were  prepared,  in  each 
■-■h  one  of  the  various  liquids  under  espcriment  was  aubsti- 
1a&  the  eKpaiiaible  material  In  place  of  mercury. 

somporiug  corresponding  compounds  obtained  from  wood- 

1  from  alcohol  (two  homologous  organic  liquids),  a  re-  | 
B  p»rallelism  in  their  rates  of  expansion  has  been  observed, 
a  of  oxide  of  etliyl  and  of  methyl  correspond  closely 
I  otiier,  and  with  the  bntyratcs  of  the  same  substances. 
idea  of  ethyl  and  of  methyl  also  correspond.  So  do  the 
f  ethyl  and  of  methyl.  Wood-spirit  and  alcohol  do  not 
B«t]y  from  each  other,  or  from  an  allied  compound  pro- 
ring  fermentation,  wbicli  lias  received  the  name  of  fousel 
I  the  expansion  of  the  liomologous  butyric^   acetic,  and 

via  differ  rather  more  widely.     Furmiate  of  oxide  of  ethyl  | 
keric  with  acetate  of  oxide  of  methyl  (that  ii 
■«d,  in  1 00  parta  of  the  same  chemical  elements,  in  precisely 
Liic  pro|>ortions}]  and  both  expand  also  in  exactly  the  satae 
^Jnt  this  axiiformitf  of  cx/fausion  in  metameric  Wl\ca  \a  liiQlb— 
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example,  between  tlic  rates  of  espRnsion  of  the  metnmendes  Dukk 
liquid  and  moiiochlorinated  hydroebloric  etber,  and  bet'wceii  moaoi 
cblorinatcd  Dutch  liquid  and  bichlorinatcdbydrocbloric  etber. 

Two  elements,  however,  such  as  chlorine  and  bromiue,  which 
are  moat  closely  allied  in  chemical  properties,  and  which  f 
CompouTids  i>hich  have  the  same  crystalliue  form,  may  yet  coo* 
bine  with  the  same  element,  and  produce  liquids  which  \an 
totally  different  rates  of  expansion.  For  instance  Dutch  liquid  u 
bromide  of  elayl  differ  considerably,  and  no  correspondence  exittt 
between  tlie  expansion  of  bibromide  o(  silicon  and  of  bichloride  ol 
silicon. 

(128)  Expansion  of  Gases. — ^^Tien  the  temperature  rises  be> 
yond  a  certain  point  iu  liquids,  they  change  their  state,  cohesioB 
is  entirely  overcome,  repulsion  predominates,  and  the  aerilbna 
condition  supervenes.  Expansion  for  equal  increments  of  heat  ii 
in  gases  far  greater  than  in  solids  or  in  liquids.  If  the  opeu 
extremity  of  a  tube,  on  tbe  other  end  of  which  a  bulb  is  blown, 
be  plunged  into  water,  the  heat  of  the  hand  will  be  sufficienl  b 
dilate  the  air  in  the  bulb  so  as  to  cause  a  part  to  escape.  Ii 
gases,  as  cohesion  is  entirely  overcome,  no  such  variety  in  < 
sion  is  exhibited  as  in  the  case  of  liquids  atid  of  solids  ;  it  aaj 
without  sensible  error,  be  assumed  that  iu  gases,  and  also  i 
vapours  at  considerable  distances  above  their  points  of  condena* 
tion,  the  expansion  is  alike  in  all,  under  like  variaiions  of  tenipe 
ratnre  and  pressure.  From  the  freezing  to  the  boiling  point  d 
water,  they  increase  in  hulk  more  than  one  third,  1000  parta  at  31' 
becoming  1366  at  212".* 

{129)  Thermometers. — Whether  tbe  body  be  in  tbe  solid,  t 
liquid,  or  the  gaseous  condition,  the  expansion  is  always  propoi 
tionate  to  the  heat  employed ;  and  the  same  body,  with  the  sai 
initial  temperature,  always  expands  to  the  same  extent  by  t 
addition  of  the  same  amount  of  heat :  for  example,  a  subetanc 
at  the  temperature  of  50°  will,  however  often  it  be  heated  to  100) 
always  expand  to  the  same  bulk;  and  on  cooling  to  its  origiu 
temperature  of  jo°,  it  will  always  return  to  its  original  bulk. 

By  ascertaining  exactly  the  extent  of  this  expansion,  s  ttal 


*  Begnanlt  {Jnn.  At  Cliimit,  ITT.  iv.  e  and  v.  53]  and  M«!;nDS  (ifi.  .^_ 
iv.  3^0)  h&Te  published  iudependeiit  and  I'laborati'  iiiveslieationa  on  the  4 
paoaioD  wliicb  varioua  gases  undergo  bj  the  nppliealioa  oT  heat.  Acoonlr 
to  tbeir  eKpcrimeDU,  the  coeffieipot  of  expausion  is  not  rigidly  uniform  for 
KBsn;  the  espaHMOD  being  greatest  for  theme  whioh  arit  most  readilj  « 
dcu^ible,  nhiljt  for  the  gases  Hhicrh  hare  rt'sUled  all  eObrta  Ui  liiiuef;  th< 
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1^  railable  measure  of  temperature  ia  afforded  ;  aiitl  accordingly 
J  iiutrument  termed  a  thermometmr  (from  Bipfiot;  hot,  fiirpov  a 
;i*,surc)  lias  been  constructed  for  this  purpose. 

Air,  &oni  the  delicacy  of  its  indications,  aud  the      ^'O'  97- 

R^iarity   of  its   expansiou,  would   seem  to  be  the 

B»teri&l  best  fitted  to  measure  cbangee  of  temperature, 

mi  indpt'd   it  was  the  substance  first  tried.    The  air 

IkermoMieler  consisted  simply  of  a  bulb  of  glass,  with 

I  urrow    elongated  stem    dipping  into  some    liquid 

"^?-  V7)  =  *^  ^''^  h\x\\i  became  heated  the  air  expanded, 

'ii:d  depressed  the  liquid  in  the  stem ;   as  it  cooled 

':<L-  air  contracted,  and  the  liquid  rose ;  a  scale  attached 

:.<  the  6icm  gare  the  amount  of  the  expansion  or  c 

riL-tioti.     But  the   size  of  the   instrument  aud  the 

'Trciue  delicacy  of  its  indications  limited  the  range  g 

rough  which   it   could   be  employed,   and  impaired 

:■    utility.      It    was    also    eoou   observed   that  dilfe- 

noes  of    atmospheric   pressure,    entirely    independent  of  tempe- 

-I'.un),   caused   an  alteration   iu  the  hulk  of  the  air;  this  may 

'  seen  by  introducing  such  an  instmment  under  the  receiver  of 

.  nir  pump,  and  moving  the  handle ;  the  alighteat  motion  causes 

.  ri^  alteration  in  the  height  of  the  column  of  liquid  in  the  ther- 

i-mcter.     This  difEcuUy  was  obviated  by  a  modification  of  the 

!i>inimeut  in  which  atmospheric  pressure  was  altogether  excluded  : 

ivo  bulbs  were  blown  at  the  extremities  of  a  stout  tube,  which 
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The  following  table  t 


n  of  Gain  bi)  Seal. 
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BflDNllI, 

UngDUI. 

flydroRen 

Carbonic  Oxide 

Atmoepheric  Air 

Nttrajren 

Ujdroohloric  Acid    .     .    •    .    . 

Cwbonic  Acid 

Protoiide  of  Nitrogen   .... 

Qyauogen    

SuIphuroDB  Acid 

.368-.  1 
1370-99 

1366508 
1369-087 

I385'6r8 

J  purpoHca,  F 
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5  for  each  degree  ot  EabK>v3iQ\V. 
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was  bent  twice  at  riglit  angles, 

was   iucluded  iu   the   stem   (fig.   9«).     Tl* 

iiiatrutneut  in  tliis  form,  however,  wotiW  m4 

iudicate  general  changes  of  temperature,  but 

only  differences  betwMu  the  temperalnre  of 

the    two  bulbs ;  if  one  were  warmer   ihao 

the  other,  the  air  expanded  in  that  bulb  wi 

drove  the   liquid   in   the  stem   towards  the 

other  bulb ;  it  was  hence  termed  the  rfj^ 

rmtial    thtrmomettr    or    tkcrmosmpe,    and 

formed,   in   a  limited  number   of  casc«,  H 

instrument  of  great  sensitiveness  and  iitilityi 

(130)  The  next  great  improvement  inth* 

i  thermometer  was  made  by  the    Floreiitiofl 

academicians  :  they  substituted  the  e\pan8ioo 

L  of  a  liquid  for  that  of  air,  employing  spirit  of 

I  -wine  for  this  purpose,  and  they  divided  the  stem  of  the  iuHtrumeat, 

I   arbitrarily  as  before,  by  means  of  small  dots  of  enamel,  placed  at 

equal  distances  upon  the  tube.     As  the  scale*  of  different  instra- 

meiits  were   not  divided  upon  auy  uniform   principle,  the  resoltl 

which  they  furnished  did  not  admit  of  direct  comparison.     Thb 

I  evil   was,   however,  removed   by   Newton,   who  applied   HodcA 

I  observation,  that  the  meltii^   point   of  ice  always  occurred  at  % 

I  fixed  temperature;  and   (iiiding  that  the  boiling   point  of  water 

under  certain   standard  circumstances  was  equally   uniform,  he 

,  proposed  these  as  fixed  points,  between  which  the  scale  should  be 

I  .divided  into  a  certain  number  of  equal  pails ;  the  scale  being  « 

I  tinned  alMve  and  below,  with  similar  divisions,  na  far  as  migfafc 

necessary.     Unfortunately,  this  interval  has  in  different  couotriei 

been   differently   subdii-ided.     In   England,  Fahrenheit's  divisioa 

into    180°  is   principally   employed;    the   aero,  or  0°,  upon 

scale  being  31  of  these  degrees  Iwlow  the  IVcczing  point  of  watet 

In  France,  and  generally  on  the  Contiiicut,  the  Centigrade  divisloi 

I  prevails ;  the  interval  between  the  freezing  and  the  boiling  [wiiil 

I  being  subdivided  into   100°,  the   degrees   being  counted  upward 

»nd  downwards  from  the  freezing  point,  which  is  reckoned  o*^ ;  tlit 

lower  temperatures  being  indicated  by  the  prefix   of  the  negatifi 

algebraic  sign  — . 

Reaumur,  whose  division  is  still  used  in  Germany  and 
divided  the  same  interval  into  80"^,  making  his  aero  at  the  freeziii 
point  of  water. 

The  conversion  of  degrees  upon  one  scale  into  those  of. 
is  eaaily  effected  by  the  use  ot  the  loVVo'Hms  ^ovm'A-ai-. — 


The   umesed    cut    (lig.  99)    exhibits   the   three 

placed    side   by  side,  and  shows   the   corre- 

dingTalnes  through  a  considerable  range  of  tem- 


The  employment  of  spirit  of  wine  as  the  expan- 
liquid  for  measuring  temperature,  is  attended 
advantages  where  low  temperatures  are  coa- 
flBTied,  inasmuch  as  spirit  of  wine  has  never  yet  been 
colidified  by  colil.  But  owing  to  the  low  tempera- 
ture at  which  tlic  spirit  boils,  it  cannot  be  applied 
for  high  ranges  of  temperature;  the  heat  of  boiling 
nter  would  be  sufficient  to  burst  the  thermometer, 
in  consequence  of  the  generation  of  the  vapour  of 
•icghol  within  the  instrument.  For  moat  pur[)oses 
nwcnry  is  a  more  convenient  thermometric  liquid  ; 
it  embraces  a  com^iderable  range  of  temperature, 
fiwaing  at  39°  below  0°  F.  and  not  boiling  under 
feo^  K.  It  has  also  the  advantage  of  not  adhering  to 
the  stdea  of  the  tubes, 

(i^ii  A    good    mercurial    thermometer    should 

koiwcr   to   the    following  tests :  when  immersed   in 

ndttng  ice,  the  column  of  mercury  should  indicate 

exactly  32°   P. ;  when  suspended   with  its  scale  im- 

mcTfcd   in  the  steam  of  water  boiling  in  a  metallic 

t«aael,  as  represented  in  fig.  100  (the  barometer  stand- 

iag   at   30    inches),  the  mercury  should  remain  sta- 

douary  at  212°.     When  the  instrument  is  inverted, 

tlie  mercury   should  fill  the   tube,   and    fall   with   a 

iiT-tAllic   clifk,  thus  showing  the  perfect  exclusion  of 

r.      Tlic  value  of  tlie  degrees  throughout  the  tube 

■  .iild  be  uniform  :  to  ascertain  this,  a  little  cylinder 

aiercury  may  l>e  detached  from  the  column   by  a 

^bt  jerk,  and  on  tncliniug  the  tube  it  may  be  made 

l>aM   from   one  portion  of  the  bore   to  another. 

ihe   scale   be  properly  graduated,  the   column  will  occupy 

lal  number  of  degrees  in  all  parts  of  the  tube. 


*  Jtiabie  of  the  degrees  oC  tl>e  Cenltgntdeacnlo,  with  l\ip\t  p.tim 
mmin  tAu of  Fabreabvit.  wili  b<i  foMad  ia  tlui  A-ppcadii.,  CaLtV,  V 
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The  expansion  of  wbicti  a  tni 
meter  thus  takes  cogotzance  is  not  tlM 
entire   expansion  of  the  tuercur;,  bol 
the  diflereuce  between  the  expansion  0 
the    mercury    and    of  the   glass :    boti 
expand,  but  the   mercury  esp&ndft  t 
more  rapidly  of  the  two,  and  the  cohi 
of  metal,  therefore,  riBes  in  the  atem 
the  instrument. 

If  a  thermometer  be  graduated  li 
,  f^  mediately  after  it  has  been  sealed,  it  I 
■'■■''y-/  liable  to  undergo  a  alight  alterati<m 
the  fixed  points  of  the  sciile,  owing 
the  gradual  eoutraction  of  the  buH^ 
which  does  not  attain  its  permanent  dP 
raensiona  until  after  a  lapse  of  several 
months.  This  contraction  is  probably 
due  to  the  pressure  of  the  atiDoaf*— 
From  this  circumstance,  the  fr 
point  may  become  elevated  from  ^  to  i  a  degree;  and  thu» 
graduations  throughout  the  sc^le  indicate  a  temperature  vliicb 
higher  than  the  true  one  by  the  amount  of  the  error.  In  Home 
thermometers,  even  after  long  use,  the  bulb,  as  Despretz  and  PieriQ 
have  shown,  after  exposure  to  a  heat  not  exceeding  that  of  Irailioi 
ivater,  does  not  at  once  contract  in  cooling  to  its  proper  dimeoi 
Bions ;  and  thus  a  temporary  displacement  of  the  graduation 
caused  every  time  such  instruments  are  heated  to  212°. 

(133}  The  variety  of  circumstances  under  which  ther mo meU 
are  used,  necessarily  demands  a  considerable  variety  in  tlidr  fon 
It  is  desirable,  for  delicate  experiments,  to  reduce  the  mass 
the  iustrument,  in  order  to  diminish  the  amount  of  heat  rcquir 
to  raise  its  temperature  to  that  of  the  t>odics  with  which  it 
brought  into  contact;  but  where  minute  sulxlii-isions  of  a  degr 
require  notice,  it  is  belter  to  employ  a  thermometer  with  a  largs 
bulb  and  a  fine  bore.  A  useful  form  of  the  instrument  is  the  « "~ 
registering  ma.riiiium  and  miuimurti  thermometer.  The  inaxinii 
thermometer  consists  of  a  mercurial  thermometer,  with  a  burin 
tal  stem,  in  the  bore  of  which  a  small  piece  of  steel  wire  is 
eluded  above  tlie  mercury.  As  the  mercury  expands  it  puidiea  1 
steel  before  it,  and  when  the  mercury  contract*,  and  recedes 
I  Mards  the  bulb,  the  wire  does  not  follow  it.  The  mioimuin  teia 
jjorature  is  observed  by  a  Bpirit  ibermometcr,  arnmgcd  like 
tnercarial  oae,  but  the  tudex  cou&iste  oi  a  «Hia!i\  yxxK  tA 
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tow  tTie  surface  of  the  liquid  column.     As  tlie  spirit  de- 
it  carries  the  index  with  it  by  capillary  adliesion,  as  soon 
It-  ilA  extremity  reaches  the  surface  of  the  liquid  ;  but  tlie  liquid,  on 
tsp&nding,  readily  passes  by  the  enamel,  and  leaves  it"  at  the  lowest 
priut  to  which  the    column    had    retreated.      Sf^s  t/iermoineler  is 
:mctcd  upon  a  somewhat  similar  principle,  but  \t  is  leas  port- 
and  more  liable  to  derangement.      A  simpler  form  of  ma.xi- 
thermometcr  has  been  constructed  by  Negretti  and  Zamhra  ; 
merely  an  ordinary  thermometer,  placed  horizontally,  with  a 
the  tube,  just  above  the  bulb,  so  that  it  allows  the 
iry  to    pass    when    it    expands,  but  owing  to  the  narrowing, 
does  not  recede  when  the   temperature  falls.      It  there- 
licates  the  highest  temperature  attained  since  the  last  observa- 
Tlie  true  place  of  the  mercurial  column  is  restored  by  placing 
■ument  vertically,  and  giving  it  a  alight  swinging  motion, 
(13^1  IncrtoMeof  the  Ratioof  Dilatation  with  Rise  of  Temperature. 
•K  scale  divided  upou  tlie  principles  already  described  evidently 
d^Knds  for  accuracy  on  the    suppo^itiou  that  equal  iocrements  of 
Wt  produce  an  equal  amount  of  expansion.  With  due  precautions, 
a  })oitnd  of  water,  at  32",  mixed   with    a    pound  of  water  at  213", 
'irr'ild  yield  a  mixture  in  which  the   thermometer  should  stand  at 
- :',  the  exart  mean.     Yet  it  is  not  true  that  even  in  the  same 
'j^tanoe  equal  increments  of  heat  at  different  temperatures  pro- 
equat  amount  of  expansion  :^for  example,  the  expansion 
:ur)'  for   the   10°   between  30°   and  40°,  ia  less  than  its 
in  for  the  10°  between  200°  and  210°.     In  the  mercurial 
IOmeter,  for  temperatures  between  freezing  and  boiling  water, 
nevertheleas  be  assumed,  without  sensible  error,  that  equal 
leots  of  heat  raise  the  thermometer  through  an  equal  number 
The  increase  in  the  capacity  of  the  gla^s  bulb,  espe- 
if  the  thermometer  be  made  of  crowu  glass,  almost  exactly 
ites  for  the  increasing  rate  of  the  expausiou  of  mercury ; 
;h  for  temperatures  above  this  point  the  compensation  is  not 
•o  exact.     The  general  result  is,  that  for  ill  bodies,  in  proportion 
H  the  temperature  rises,  the  expansion   increases;  the  distance 
Vtweeu  llie   particles  augments  with  the  heat,  and  consequently 
ibeirmiitual  cohesion  is  more  readily  overcome.     The  total  cxpun- 
son  of  mercury,  for  example,  for  3  progressive  intervals  of  1 80°  F., 
«™ordini;  to  Rt^ault,  is  the  following:  between  32°  and  312^  it 
i*   1  p»rt  in  550S;  between  212°  and  392"  it  is  i  in  54'(5i  ;  and 
hcrtwa  392°  aud  573°  1  in  54'Qi.     Platinum    ia   more  equable 
in  its  Hipansion  than  any  of  the  metals,  Imt  it  ex\v\\i\te  a.  &vmAa,t 
■  TstK  ia  the  rate  of  its  expun^oa  as  the  heat  risea. 
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,^    n   T.  is  measured  by  an  air  therma 

of  mercury,  iu  an  ordinar 

as  586°,  because  the  apparen 

u  the  temperature  rises. 

"..^jMg  ie  elusion  of  dissimilar  metal 

,  ^  a  ui!i{iial,  it  is  evident  that  if  a  com 

_  "Bt  juci  metals  as   brass  and  steel,  b 

_g^  :tf»  or  each  metal  together,  the  appli 

-- -  ■  _j|—  .TifTiture  of  the  bar ;  the  coiicavit 

*■      ._  x  ««•  ^  mettd   which   expands  least 

■■-i  ■*"        ^  x«3U  solid  thermometer  has  been  con 

■  - "^^^      :  jiieoa  of  a  couiitouiid  riljljon  of  threi 

-    -  ■  "**       ^  ^wr,  which  are  rollL-d  out  into  a  vcr 

-M.  •-*  ~"|^  an  1  i.7lindrical  spiral,  to  the  lower  ex 

^--^"■^     ^^ei » itahed,  the  upper  end  of  the  spira 

.^  -  "^^^Zj^  jjaiiijff  much  more  than  the  platinum,  h 

,^r'*"         t  aiWtt»  as  the  temperature  rises  and  falls 

...ji'*^        — fO»  »  jR.'CTtaued  by  comparison  with  t 

J,  !^  degree*  of  temperature,  f.ueh  as  tin 

.taut;  pMUCs  of  many  metals,  instruments 

yguMUr  termed  pi/rometera  (from    rip 

^  '    "t^b**  atvuratoof  thcscis  DanicII'sre^M/cf 

i**^  ^jiBfij-  'PI-    ^'  consist^' of  two  parts,  the 

***^  ;^    He  Kgistcr  is  a  solid  bar  of  black- 

rf*  I^Uf  bikfd.     In  the  axis  of  this  a  hole  ii 

^*^,^  rfihe  bar  to  within  half  an  inch  of 

*  ^^ntainni  canity  a  rod  of  platinnK. 


iAKikll's  pyrometer. 

.1  piece  of  porcelain,  c  c,  sufficiently  long  to  profl 

,  distance  beyond  the  extremity  of  the  black  lead  barj 
>  index.     It  ia  confined  in  its  position  by  i 


strap  of  platinum,  d,  passing  round 
the  top  of  the  black  lead  tul)e,  which 
is  partly  cut  away   at  the  top ;  the 
ring  is  tightened  by  a  wedge  of  imrce- 
lain,  e.     When   exposed   to  a  high 
temperature,  the   expansion    of   the 
raetallic   rod,  a  a,  forces  the  index 
forward  to  a  distance  equal  to   the 
difference   in    the   amount  of  expan- 
between  the  metallic  rod  and  the 
black  lead  bar,  and  when  cool,  it  will 
remain  protruded  to  the  same   dis- 
tance, which  will  be  greater  or  less, 
to  the  temperature;  the  exact   measurement    of   this 
effected  by  the  'scale,'  3.     This  scale  is  independent 
register,  and  consists  of  two  rules  of  brass,  /  g,  joined 
by  their  edges  accurately  at  a  right  angle,  and  fitting 
upou  the  two  aides  of  the  black  lead  bar.     Near  one  end 
double  rule  a  small  brass   plate,  ft,   projects  at  a  right 
which,  when  the  instrument  is  used,  is  brought  down  upou 
of  the  register,  formed  by  the  notch  cut  away  for 
mm  strap.      To  the  extremity  of  the  rule  nearest  this 
I,  is  attached  a  moveable  arm,  a,  turning  at  itstixcd  cx- 
a  centre,  i,  and  at  the  other  end  carrying  an  arc  of  n 
Ibe  radius  of  which  is  exactly  5  inches,  accurately  divided 
!S  and  thirds  of  a  degree.     Upon  this  arm,  at  the  c 
lighter  arm,  c,  is  made  to  turn,  carryreg  w^u  *; 
its  longer  limb  a  nonius,  a,  which  moves  -otv  ^ 
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of  the  arc,  and  subdivides  the  graduation  into  minutes.  The 
shorter  arm,  which  is  half  an  inch  in  length,  crosses  the  centre^ 
and  terminates  in  an  obtuse  steel  point,  m,  turned  inwards  at  a 
right  angle. 

To  use  the  instrument,  the  metallic  rod  is  placed  in  the  re-  . 
gister,  the  index  is  pressed  firmly  down  upon  its  extremity,  and 
secured  tightly  by  the  platinum  strap  and  the  wedge.  The  posi- 
tion of  the  index  is  then  read  off  on  the  scale,  by  placing  the  re- 
gister in  the  re-entering  angle  for  its  reception,  with  the  cross-piece 
firmly  held  against  the  shoulder,  and  the  steel  point,  m,  resting  on 
the  top  of  the  index,  in  a  notch  cut  for  it,  which  coincides  with  the 
axis  of  the  rod.  A  similar  observation,  made  after  the  instrument 
has  been  heated  and  allowed  to  cool,  gives  the  value  of  the  ex- 
pansion. The  scale  of  the  pyrometer  is  compared  with  that  of  the 
mercurial  thermometer,  by  observing  the  amount  of  expansion 
between  two  fixed  points,  such  as  the  freezing  of  water  and  the 
boiling  of  mercury. 

(135)  A  combination  of  the  thermometer  with  the  pyrometer 
gives  a  range  of  temperature  extending  through  wide  limits.  The 
means  of  attaining  very  elevated  temperatures  are  much  more  under 
command  than  those  of  procuring  great  degrees  of  cold. 

The  following  table  gives,  in  degrees  both  of  Fahrenheit's  and 
of  the  Centigrade  scale,  some  remarkable  points  of  temperature : — 


Greatest  artificial  cold  produced  by  a  bath  of 
Protoxide  of  Nitrogen  and  Bisulphide  of 
Carbon  in  vacuo  (Natterer) 

Greatest  cold  by  a  bath  of  Carbonic  Acid  and 
Elher  in  vacuo  (Faraday) 

Greatest  natural  cold  recorded  by  verified 
thermometer  (Sabine) 

Mercury  freezes 

Freezing  mixture  of  Snow  and  Salt .... 

Ice  melts 

Maximum  Density  of  Water 

Mean  Temperature  of  London  (Daniell)    .     . 

Blood  Heat 

Boiling  point  of  Water 

Mercury  boils 

Bed  heat 

Silver  melts 

Cast-Iron  melts 

Highest  heat  of  wind  furnace  .     . 


-  Daniell. 


•Fah. 

*»Cm. 

—220 

—140 

—166 

— lie 

-56 

—  49 

—  39 

—  39*4 

—  4 

—  20 

32 

0 

39*2 

40 

497 

9? 

98 

366 

212 

100 

662 

355 

080 

526 

2786 

T022 

1530 

3280 

1804 

(136)  The  amount  of  force  exerted  by  expansion  or  contraction 

from  the  effects  of  heat  or  of  cold  is  enormous ;  for  it  is  equal  to 

that  which  woxM  be  required  to  elongate  or  compress  the  material 

to  the  aame*  extent  hj  mechaaical  meeiTA.     Kx^settdcmsi^  \a  ^3&ft 


leats  of  Barlovr,  s  b&r  of  malleable  iron,  of  a  Eqnare  inch  in 
Ml,  w  stretched  twIits  of  i^^  length  by  k  ton  weight ;  a  similar 
ation  is  prodaced  by  about  i6°  P.     Id  this  climate  a  varia- 
of  80°  between  the  cold  of  winter  and  the  lieat  of  summer  is 
mtly  experienced.     lu   that  range,  a   wrought-iron  bar,   10 
i  long,  will  vary  in  length  ■(■„'„  „  of  an  inch  ;  aud  will  exert  a 
,  if  its  two  extremities  be  securely  fastened,  equal  to  50  tons 
tbe  square  inch. 
Id  many  instances  in  the  arts  this  edect  is  turned  to  useful 
itit     With  this  view  the  wheelwright  makes  the  iron  tire  of 
Vlteels  a  little  smaller  than  the  wheel  itself,  and  applies  the  tire 
heated  state ;  on  cooling,  it  contracts,  and  binds  the  parts 
I;  together.       For  the  same  reason,  in  fastening  together  the 
of  Bteara- boilers,  t!ie  rivets  are  used  whilst  red-hot.     But,  on 
oUter  hand,  this  force  of  expansion   requires  often  to  be  care- 
guanled  against.      Iron  clamps  built  into  furnaces  t'rt^juently 
oj  by  their   expansion  and  contraction,  the  masonry  which 
ore  intended  to  support.     In  laying  down  pipes  for  the  cou- 
loe  of  gas  and  water,  it  is  necessary  to  fit  the  lengths  into 
Its  where  the  material  used   as   stuffing  to   tighten   the  joint 
»  •ufficieut  play  for  the  alterations  in  length  of  the  metal  by 
^  of  temperature.     For  tbe  same  reason,  a  small  interval  is 
between  the  ends  of  the  iron  bars  in  laying  down  a  line  of 
E>u;h  tube  of  the  Britannia  Bridge,  across  tbe  JMenai  Straits, 
ite,  from  changes  of  temperature,  in  the  course  of  twenty- 
boors,  to  an  elongation  and  contraction  varying  from  half  an 
to  three  inches. 
ffittle  substances,  such  as  glacis  and  cast-iron,  often  crack  on 
mdden  application  of  heat,  because  a  sudden  dilatation  is  pro- 
npoD  tbe  surface  before  the  heat  has  time  to  reach  the  tn- 
uu)  thus  the  cohesion  is  destroyed.     The  thicker  the  plate 
gnaXcr  is  its  hability  to  fracture.     Sudden  cooling,  by  inducing 

contraction,  has  a  similar  effect. 
A  knowledge  of  these  effects  of  expansion  explains  why  the  wires 
Rain  metals,  such  as  iron  and  platinum,  may  be  soldered  into 
;  whilst  other  metats,  such  as  silver,  gold,  or  copper,  separate 
endi  out  as  the  joint  cools.  The  expansion  of  iron  or  of 
I  differs  from  that  of  glass  by  only  a  very  small  amount, 
other  metals  vary  from  it  greatly,  and  contract  far  more  in 

(137)  A  remarkable  exception  to  the  law  of  contriiC\i\oi\\i^  ^ua 
otbeat,  ejtiats  in  tbe  case  of  water.     ^VateI   JoWo'Na  \SadB  I 
Jaw  until  it  reaches  a  point  between  30°       "V  i^ 
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instead  of  contractingi  it  begins  to  expand,  and  continues  to  do 
till  it  reaches  the  freezing  point.  About  39^  it  is  at  its  point 
greatest  density^  and  just  before  it  freezes  it  occupies  a  space 
great  as  it  did  at  48°.  If  water  at  39^*2  be  taken  as  i^  at  32° 
has  a  density  of  0*99988  (Pierre). 

By  dissolving  table  salt  in  water^  the  point  of  maximum  densi 
is  lowered^  and  the  solution  goes  on  contracting  r^ularly  at  to 
pcratures  considerably  below  39^^  until,  in  sea-water^  the  anonu 
disappears,  the  maximum  density  occurring  according  to  Despn 
at  25^-38,  a  temperature  below  its  point  of  congelation,  which  t 
same  observer  estimates  at  27^*4.  Various  other  salts  basic 
culinary  salt  (chloride  of  sodium)  have  the  effect,  when  dissoh 
in  water,  of  lowering  its  point  of  maximum  density ;  but^  amoD, 
the  numerous  liquids  examined  by  Pierre,  no  other  liquid  besii 
water  was  found  thus  to  expand  whilst  the  temperature  1 
falling. 

(138)  Correction  of  Gases  for  Temperature. — ^It  has  been  alrej 
mentioned  that  aeriform  bodies  expand  more  than  either  solids 
liquids  for  equal  additions  of  temperature,  and  that  the  rate 
expansion  for  all  gases  and  vapours  is  equal  and  uniform,  at 
degrees  of  heat  and  under  all  varieties  of  pressure.      It  becon 
therefore,  a  matter  of  importance  to  estimate  the  amount  of  1 
expansion  in  all  experiments  where  the  quantities  of  gases  reqi 
to  he  determined,  and  where  their  weight  is  to  be  inferred  fr 
meaaunnucut  of  their  bulk.     Provided  that  the  temperature  of 
^as  be  known,  the  calculation  is  easily  made.     Experiment 
shown  that  for  every  degree  of  heat  upon  Fahrenheit's  scale, 
uinount  of  expansion  takes  place  equal  to  :rh-  ^^  ^^^  bulk  that 
gUM  occupied  at  32°  F. ;  that  is  to  say,  that  a  quantity  of  any 
which,  at  the  temperature  of  32°,  measures  491   parts,  for  ev 
tulditional  degree  increases  in  bulk  i  part  3  so  that  at  33^  it  1 
iKHUipy  492  i>art9,  at  34°  493,  at  40^499,  at  60°  519  parts. 
Kuglnudi  all  comparisons  of  gases  are  referred  to  the  temperat 
\\t*  Oo'\     SupiK)ae  it  be  required  to  ascertain  the  volume  which 
cuUio  inohoa  of  coal  gas,  measured  at  70°,  would  have   when 
vIuwhI  to  Ac'': — Sinct^  70—32=38,  491    parts  of  any  gas  at  « 
^s'uUU  at  7cV\  have  increased  in  bulk  38  parts,  or  would  have 
vxHuc  \x^ual  to  529  i>arts.     Again,   60—32  =  28,   so  that  a| 
nhich  «;  ;^i''  iHJCupicd  491  parts,  would,  at  60°,  occupy  a  sp 
vx^uaI  Iv^  ^iig  {Uirts.     The  volume,  therefore,  of  any  gas  at 
itKHikl  b^  thfi  mme  proportion  to  the  bulk  which  it  would  ooci 
4/  ^"  «» ^^4^  iloct  to  519.     A.nd\ieiiCfe 


V  of  the 
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::ip  pM,  instead  of  being  measured  at  70",  had  been  measured 
'j-r",  and  it  were  desired  to  reduce  the  g-z  cubic  inches  to  the 
ulani  temperature  of  60°;  since  50—33  =  18,  the  gas,  which 
.ujiicd  491  parts  at  32°,  would   have  expanded  to  509  at  j 

'.  ;r-  proportion  to  the  vohime  at  60°,  which  would,  as  before,  1 

,:>,  is  given  as  follows  : — 

509  :  519  :  :  9'2  :  a?  (=  9*380  Cubic  inches). 

Iri  ihia  case,  the  observed  volume  is  less  than  the  corrected  on) 
'■I'lire,  it  was  greater.      An  additional  and  independent  correction 
I  the  volume  of  the  gas  for  the  deviation  of  the  barometric  pres- 
•i:rr  from  the  standard  (40)  is  needed  after  the  correction  for  the 
■  rapcrature  has  Iwcn  made. 

[139)  Liqnids  and  gases  immediately  adjust  their  bulk  to  the 

^tontion  of  temperature  ;  but,  according  to  observations  made  in 

rctic  Expeditions,  solids  do  not  immediately  do  so  in  all  eases : 

I  fircquently  observed  in   the  metallic  scales  of   m 

,  that  full  contraction  did  not  occur  until  a 

i  been  given  to  the  apparatus ;  the  metal  then  contracted  sud- 

jr  and  completely. 

Process  for  Taking  the  Specific  Gravity  of  Gases. — The 
1  corrections  required   in  the  delicate  operation  of  taking 
eific  gravity  of  a  gas  with  accuracy,  have  now  been  pointed 
Beguault  in  his  eia1)orate  researehcs  has  reduced  the  number 
ctioDs  onlinarily  required,  by  counterpoising  the  globe  in 
!  gas  is  to   be  weighed   by  a  second  globe  of  equal  size, 
■  tlie  same  glass ;  a  practice  which  had  previously  been 
I  by    Prout,    in    his 
j  investigations  on  the 
of  the  atmosphere. 
ilm     of    hygroscopic 
ture  which  always    ad- 
I  to  the  glass  is  equal 
li  glolK»  ;  and  as  the 
t  displaced  is  also 
D  botli  cases,  the  eal- 
for   its    buoyancy 
e  dispensed  with.  The 
s  a  brief  descrip. 
if  the  method  adopted 
r  Kcgiutult ; — A    balance, 
ible    of    weighing    two 
d  eiifficientiy  sen. 
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aitive  to  turn  with  tlie  riUth  part  of  a  grain  when  loaded,  «■ 
upon  a  cbest  i)ro\'ided  with  folding  doors,  witliiu  which  the  gli 
globes,  each  of  the  capacity  of  about  600  cubic  inches,  attaclied  U 
the  Bcale-pans,  are  freely  suspended.  The  globe  b,  fig.  102,  is  bet 
metically  sealed  ;  the  globe  a,  for  weighing  the  gases,  is  provide 
with  a  stop-cock ;  the  air  is  esbausted  from  a  as  pprfectly  a 
possible,  and  it  ia  connected  with  an  apparatus  which  suppUfs  tb 
gas  to  be  weighed,  the  gas  having  been  carefully  purified  aud  driw 
The  globe  ia  again  exhausted  very  completely,  the  last  portions  ( 
air  being  thus  displaced  t 
Fia.  103.  the  gas,  and  it  if 

time  iilled  with  the  gas ;  th 
process  must  be  repeated 
third  time,  and  the  gas  wi 
til  en  be  free  from  atnn 
spheric  air.  To  avoid  ti 
need  of  any  correctioD  ( 
temperature,  the  globe 
this  time  placed  in  a  ve 
of  melting  ice  (fig.  103), 
order  to  cool  the  gas  to  3 
F.,  which,  by  the  French, 
always  taken  as  the  sU 
dard.  When  the  globe 
~'^~~^— =^  filled  with  gas,  and  sufficM 

time  has  elapsed  for  it  to  1 
quire  the  temperature  of  the  ice,  the  vessel   of  mercury,  m,  ii 
which  the  escape-tube  dips,  is  removed,  so  as  to  equalize  the  presst 
within  the  globe  with  that  of  the  air ;  the  stop-cock  is  closed, 
the  globe  withdrawn,  wiped  carefully  with  a  damp  cloth,  to  t 
rendering  the  surface  electric,  and  it  is  then  suspended  to  the  sea 
pan.     It  is  not  weighed,  however,  until  after  the  lapse  of  a  couple 
hours,  by  which  time  the  equilibrium  of  its  temperature  with 
atmosphere  is  restored,  and  the  production  of  currents  (14'i)  aroii 
it  is  obviated.  The  weight  is  then  accurately  noted;  the  globe  la  agi 
plungetl  in  ice,  the  gas  removed  by  the  air-pump,  aud  the  clastie 
of  the  gas  which  still  remains  in  it  is  measured  accurately  by 
gauge  attached  to  tlie  air-pump.     The  empty  globe  is  again  w 
drawn  from  the  ice  and  weighed  as  before ;  the  dill'ereiice  of 
two  weights  will  give  the  weight  of  a  bulk  of  gas,  the  elasticity 
which  is  equal  to  that  of  the  atmosphere,  as  marked  by  tim 
of  tiie  barometer  JP,  diminished  by  the  elasticity,  A,  of  tbi: 
iiig  gaa,  as  measured  by  ihe  gftugc.     \t  iV  cwjmdtj  of  (Iw  ^ 
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|l  been  previously  ancurately  determined,  the  corrected  weight 
Vtbe  gas  will  be  obtained  by  the  followiag  proportion  : — 


The  obaerred 

The  obBerved 

Correeted 

preasure. 

preMure. 

weight. 

■neij^t. 

As  H 

IP—h        : 

:          W 

if 

[  B^nsult  has  in  this  manner  determined  the  weights  of  i  litre 
ub  of  the  following  gases,  at  32°,  and  under  a  pressure  of 
^22  inches  of  mercury  at  31° : — 

Oae  litre  of  Grummea. 

Air,  mean  of  8  EiptB.  .  .  =  1^93187 
OxygC"!  It  3  Expts,  .  .  =  1-419802 
Nitrogen,  „  6  Espts.  .  .  =  V2^6\f>-j 
Hydrogen,  „  3  Espts.  ,  .  =  0-089578 
Carbonic  Acid,  5  Expts.      .     .      =      1-977414 

1  tliese  data  it  is  easy  to  determine  the  weight  of  100  cuhic 
sof  each  gas  tu  grains.  The  litre  has  a  capacity  of  61034 
r  inches i  the  gramme  is  equal  to  iy433  grains;  and  the  ex- 
1  of  air  between  32°  and  60''  by  heat  is  such,  that  100,000 
1  become  105,701.  Tlie  barometric  pressure  of  29-922  inches 
'  would  be  equal  to  a  column,  at  60°,  of  30005  inches  of 
Calculating  from  these  numbers,  the  weight  in  grains 
me  under- mentioned  gases  under  a  pressure  of  30  inches  of 
f  (the  column  being  measured  at  60°)  is  as  follows : — 


lOO  Cabio  lacheB  n 

eigh, 

At  31"  F. 

At  60°  F. 

Sp.Gr.Air=i 

Qnin.. 
31-698 

a-305 
50-000 

Qnim. 
30935 

34- '03 

a'i43 
47'303 

097 '3 
006  g  a 
1-5190 

S^  ■:■■;: 

STAdd ...::: 

F  the  amount   of  condensation  which  the  constituents  of  a 

md  gas  undergo  in  the  act  of  combination  be  known,  it  is 

ito  check  the  experimental  determination  of  its  density,  and 

facalate  tlie  specific  gravity  of  the  resulting  compound  by  the 

r  nile ; — 

Wtiply  tite  specie  gravity  0/  each  of  the  component  gaaei  or 
Wtt  Ay  ihc  volume  in  which  it  eaters  into  the  formation  of  the 
rf ;  adrl  these  products  together,  and  divide  by  the  number 
IS  produced  after  condensation  has  occurred. 
r  for  example  it  be  desired  to  know  the  specvftc  ^tws'xVj 
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of  protoxide  of  nitrogen  :  2  Tolumes  of  iljis  gas  are  fonnefl  l)y  Ito 

uuion  of  2  volumes  of  uitrogen,  and  1  volume  of  osjgen : — 

Specific  gravity  of  nitrogen  =  o-97i3X3   =    i'94a$ 

Specific  gravity  of  oxygen       =    iioj^xi    =   I'lOjfi 

223-0483 

Calculated  specific  gravity  of  protox.  nitrogen  =   r^i^i 

Again,  tlie  specific  of  gravity  of  ammonia  may  be  found  as  follon^ 
4  volumes  of  ammonia  contain  2  volumes  of  nitrogen,  and  6 
volumes  of  hydrogen  : — 

Specific  gravity  of  nitrogen      =   09713X2   =    I  "9426 

Specific  gravity  of  hydrogen    =  00692x6   =  04152 

4)3^3578 

Calculated  specific  grantj  of  ammonia  =   o"58y4 

(141)  Delemtinaiion  of  the  Speeijic  Gravity  of  Vapouri,—k 
diSerent  method  of  procedure  is  required  in  taking  the  specific 
gravity  of  a  vapour.  This  is  an  operation  which  the  chemist  lia 
frc<)uently  occasion  to  perform,  as  it  often  throws  light  npon  tto 
composition  of  the  body.  Two  methods  have  been  proposed 
attaining  the  object;  one,  devised  by  Gay  Lus^^ac,  is  sni table  (bv 
liquids  which  boil  at  a  temperature  approaching  the  boiling  poial 
of  water :  the  other  is  applicable  not  only  to  these  liquids  bot  to 
all  that  boil  below  the  boiling  point  of  mercury.  ITiis  hUUr 
method,  contrived  by  Dumas,  is  the  tad/ 
Flo,  104.  one  that  will  be  here  descril>ed, 

A  thin  glass  globe  or  balloon  [a,  fig.  io() 
of  3  or  4  inches  in  diameter,  is  drawn  off  afc' 
the  neck  info  a  capillary  tube,  5  or  6  in^MV 
in  length ;  the  open  extremity  of  this  tubS 
is  attached  to  a  desiccating  tube  filled  1 
chloriitc  of  calcium  (63),  and  this  is  < 
nected  with  the  air-pump.  The  air  is 
bausted  from  the  ajiparatus,  and  then  alovl 
rc-admittcd,  repeating  the  process  three 
four  times.  By  this  means  any  film 
moisture  which  might  be  adhering  to  tbc 
interior  of  the  globe  is  removed,  and  it  !■>« 
filled  with  air  in  a  dry  state :  tlic  tempet*- 

iture  and  pressure  of  the  atmosphere  at  tlw 
time  are  noted  down.  The  balloon  having 
bc«u  detached  firom  the  air-^uniii,  it  is  ac«ii>  , 
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baHoon  and  tbo  air  wliicb  it  contatQs.  The  capillary 
i  tlien  inserted  into  the  liquid  which  is  designed  to 
fix  the  TapotiFj  tlie  specific  gravity  of  which  is  required :  by 
Hly  warming  the  globe,  the  enclosed  air  expands,  and  a  small 
itnanlity  of  It  is  expelled.  As  the  globe  cools  the  air  again  con- 
aud  the  liquid  rises.  loo  or  150  grains  of  the  liqnid  hav- 
bcen  thus  introduced,  the  globe  is  next  firmly  attached,  by 
of  copper  wire,  to  a  wooden  handle,  c,  and  by  its  meitns  is 
as  represented  in  fig.  104,  completely  beneath  the  eur- 
of  a  liquid  (water,  oil,  or  chloride  of  zinc,  according  to  the 
temperature  required),  which  is  gradually  heated  till  it  is  30°  or 
40°  above  the  boiling  point  of  the  liquid  of  which  the  vapour- 
Jen&ily  is  required.  The  liquid  in  the  globe  is  thus  made  to  boil 
inskly,  aud  is  converted  into  vapour,  which  expels  the  air  and 
its  place. 

After  the  vapour  ceases  to  escape  from  the  aperture  of  the 
tiilje,  the  bath  is  maintained  at  a  steady  temperature 
few  minutes,  to  alhiw  the  balloon  and  its  contents  to  acquire 
iperature  of  the  liquid  in  which  they  are  immersed.  The 
iture  is  then  observed  by  the  thermometer,  (,  and  at  the 
moment  the  capillary  tube  is  sealed  by  the  flame  of  the  blow- 
The  balloon  is  afterwards  removed  from  the  bath,  and  allowed 
IBOqI  ;  it  is  thoroughly  cleaned,  and  a  second  time  accurately 
d.  The  weight  thus  obtained  represents  that  of  the  balloon 
that  of  the  liquid  which  remained  within  it  in  the  form  of 
stthe  moment  of  the  sealing.  The  capillary  neck  is  now 
ffkiigod  beneath  the  surface  of  water  (or  of  mercury),  and  is  then 
bfoLen  off.  If  the  operation  be  successful,  the  vapour  becomes 
roti(icu-cd,  and  the  liquid  enters  the  globe,  so  as  either  completely 
Ui  GU  it  or  to  leave  only  a  small  bubble  of  air.  The  globe,  with 
the  water  which  it  contains  is  next  carefully  weighed,  and  the 
opaaty  of  the  balloon  is  thus  ascertained,  since  '^^''5  gi'ains  of 
•iliT  arc  foutained  in  the  space  of  a  cubic  inch.  Tiie  bubble  of 
air  is  then  decanted  into  a  graduated  tube,  and  its  bulk  measiiredj 
(irihc  globe  may  be  completely  filled  up  with  water  and  again 
woghed  ;  the  differenceof  the  last  two  weighings  will  represent  the 
vngbt  of  a  quantity  of  water  which  corresponds  in  bulk  to  that  of 
tlie  bubble  of  air. 

All  the  data  necessary  for  calculating  the  specific  gravity  or 
flie  njiour  are  thus  furnished,  as  will  be  seen  from  the  following 
impli: : — 


i 


4U\J4II 


•20 


Detemdnaiion  of  the  Density  of  the  Vapour  qf  AkohoL 

BY   EXPERIMENT. 

Grams, 
(i)  Weight  of  the  balloon  full  of  dry  air,  at  a  pre88iire| 

of  29*1  inches  barometer^  and  a  temperature  Vi  187*20 
of  57°  P j 

(2)  Weight  of  the  balloon  full  of  alcohol  vapour,  ^^^^^l  r  tQq. 

at  212°,  barometer  at  29*1  inches  .  J 

(3)  Weight  of  the  balloon  with  the  water  that  ^^^^^Iqtq^-o 

OQ  opening  the  capillary  neck  under  water     j 

Cubic  Ind 

(4)  Residual  air     .  .  .  •  •  •  0*200 

BY  CALCULATION. 

Grains. 
By  (3)  the  weight  of  the  balloon  full  of  water  was     .  8102*0 
By  (i)  the  weight  of  the  balloon  full  of  air  was         .  1187*2 


DiflTerence :  weight  of  the  water     ....  6914*8 
Add  -ff-fy  for  the  weight  of  air  displaced  by  the  water  .         8*4 


6923*2 


Cubic  Inch< 
Dividing  6923*2  by  252*5,  we  obtain,  as  the  contents) 

of  the  balloon,  in  cubic  inches    .  .  .J        '  ^  y 

Add  to  this  the  bulk  of  the  residual  air  .  •  .         0'200 


(5)  The  sum  gives  the  capacity  of  the  balloon  at  57^ . 
Add  the  increase  of  volume  due  to  expansion  at  212^  . 

(6)  The  capacity  of  the  balloon  corrected  to  the  tem-)  ^, 

perature  of  212°  becomes  .  .  .  J        ' 


27*619 
0*043 


*  Where  rigid  accuracy  is  desired,  it  is  necessary  to  calculate  the  differeu 
between  the  capacity  of  the  globe  at  the  temperature  of  the  air,  and  that 
the  temperature  at  sealing,  and  to  add  this  difference  to  the  capacity  as  c 
oulated  above.  When  the  temperature  at  sealing  is  very  elevated,  ti 
correction  acquires  some  importance ;  but  it  is  insignificant  in  most  cas* 
more  especially  as  the  vapour  densities  obtained  by  experiment  nei 
coincide  accurately  with  the  theoretical  results,  and  a  fair  approximatioii 
generally  all  that  is  required  to  indicate  the  state  of  condensation  of  the  4X 
Btituents  of  the  compound.  Since  the  expansion  of  flint  glass  betweoi  | 
snd  Ji2^,  ia  equal  to  0*00328366  of  its  buUc,  the  increase  in  capamty  of  i 
bsdloon  in  the  toregoisig  ezperimeni  beaten  ^*f  voii  ^\iP  S&v^'^waKftTBi 
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Cubic  Inches. 


i;'Si9  cuWc  inebea  of  air  measured  at  57°,  with  baro- 
meter at  29*1  inches,  would  becomo  at  60' 
with  barometer  at  30  iuches 

lUti  votdil  weigh         .... 

.''Off  (by  i)  the  weight  of  the  balloon  filled  with  dry 


[tducl  ihe  weight  of  the  air 

:  The  differeuce  gives  tlie  weight  of  the  empty  ballooi 

~hc  0-2  cubic  inch  of  residual  air  measured  at  57°,] 
and  at  39' x  iuches  barometer,  would  become  ^ 
at  3ia°  and  291  barometer        .         .         ,j 


27'o83 

Graiag, 

8-37 

187-20 

8-37 


1178-83 


"■  And  would  weigh 


t  (by  6]  the  capacity  of  the  balloon  at  212°  was 
t  dilated  residual  air   . 


0-252 

o-o6 

Cubic  locheg. 

27-662 

0-252 


B  difference  gives  the  space  occupied  by  alcohol) 
vapour,  at  2ia°  and  29-1  barometer 
Now  37'4i  cubic  inches  of  vapour,  measured  at  212° 
and  29*1  barometer,  if  they  could  exist  uucou- 1 
densed  oa  vapour,  at  60*^,  and  at  30  inches  f 
barometer,  would  become  . 

.'.  (by  2)    the    united  weight    of   the  ballcion,  thel 
vapour,  and  the  residual  air  was  found  to  he  . 
iluct  the  weight  of  the  residual  air  (8) 

-L'  difference    gives    the   weight    of     balloon    andt 
vapour  .  .  .  .  ■  .  .( 

■iiict  the  weight  of  the  empty  balloon  (?)       .  .    i 


20-555 


,78-83 


10-31 


r.  diflercnce  pves  the  weight  of  20-565  cubic  incheB) 

of  alcohol  vapour  at  60"    ■  .  .  .J 

:  coble  inches  of  alcohol  vapour  would,  therefore,  weigh  50- 1 23 

:j%  at  60°  and  30  inches  barometer.     Now,  ico  cubic  iuches 

■!i  ^1  grains,  at  60°  and  30  inches  barometer ;  therefore, 

i.d  by   31    gives    1-617  as  the   specific  gravity  of  the 

.lirohol,  from  the  foregoing  experiment. 

miX'tiiJc  and  Troost {Comptes Rendus,  slv.  821,  and  x.Vvx,  ai<)^\lT^.NC 
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TEE    EQUrLIBBltlM    t)»    TEHPERiTCKE. 


extended  this  method  of  Dumas  to  the  dctermmntion  of  the  densi^  J 
of  vapours  of  bodies  of  very  high  boiling  point.    They  employ  ligi|ta 
vessels  of  porcelain,  instead  of  the  glass  balloon,  and  seal  th^ 
tube  by  means  of  the  oxyhydrogen  jet.     Tbe  constant  t 
I  ture  at  which  tlie  density  of  the  vapour  is  determined,  i 
by  placing  the  porcelain  vessel  in  the  vapour  of  a  ImxIv  whid 
at  a  much  higher  temperature  than  the  substance  subjected  to  e 
periment;  the  distillation  of  the  body  which  furnishes  the  V!^KnI^a 
bath  being  conducted  in  vessels  of    iron.     Boiling  mercnry,  fifj 
esample,  gives  a  vapour  of  constant  temperature  of  662°;  the  vapd 
of  lioiling   sulphur  is    estimated    at   824°;    that  of  cadmium  I 
ijHo°;  and  that  of  zinc  at  1904°.     But  since  the  deter minationj| 
these  high  temperatures  is  liable  to  some  uncertainty,  a  oompa 
tive  experiment  is  made  in  a  separate  porcelain  vessel,  by  empl(^ 
iiibstance  like  iodine,  which  furnishes  a  very  heavy  vapoor,  f 
density  of  which  at  measurable  temperatures  is  exactly  known.  ^ 
esperimenta  thus  give  the  direct  relation  between  the  dcnsi^  <l 
the  vapour  under  trial,  and  that  of  iodine  at  equal  temperatures. . 

§    11.    Os    THE    EQDtLIBBtUU    OP   TEMPERATCBE. 

(143)  All  bodies,  when  heated,  return  sooner  or  later  to  t 
temperature  of  surrounding  objects;  the  tendency  of  heat  bein| 
constantly  to  pre8er\'e  or  recover  an  equilibrium.  This  balaiM 
13  restored  either  by  tranamissiou  from  particle  to  p&rticl<^  i 
which  case  the  process  is  termed  conduction  :  or  by  convection,  c 
the  motion  amongst  tlie  particles  of  liquids  or  gases  :  or  by  r« 
lion  between  bodies  at  a  distance  from  each  other. 

Conduction. 
(143)  If  we  place  the  end  of  a  short  strip  of  glass   and   of  I 
strip  of  metal,  of  equal  length,  in  the  flame  of  a  lamp,  we  t 
soon  be  sensible  that  beat  reaches  the  fingers  more  rapidly  thi 
the  metal  than  through  tbe  glass ;  and  shall  have   a   clear  p 
that  these  two  substances  diller  greatly  in  their  power  of  o 
g  heat.     Of  all   known   substances,  metals  possess  tbe  | 
amount   of  conducting   power,  but  even  they  differ  conai 
when   compared    with    each   other.      It  may  lie   taken   ; 
although  it  is  liable  to  numerous  exceptions,  that  the   deiis«r  1 
body  the  better  it  conducts  heal, 

Despretz,  many  years  since,  and  Langberg,  as  well  as  Wied^ 
mann  and  Frnnai,  more  recently,  have  published  a  scries  of  etu 
J  ruents  upon  the  relative  power  ]>ow>es»ed  by  diffrjcnt  solids  for  i 
gcondactioD   o(  heat.     In  tike  es^timcute  of  tU«  QlMcnren)  t 
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7y.  Aiinal.  Isssis.  4y7),  bars  of  eacl  saljstance  similar 
( dimeu&ioiiB  were  exposed  at  one  e\tiLrmty  to   a  uniform  source 
1  the  progress  of  the   temjiciature  aloug  each  bar  was 
I,  at  inten'ala  of  3  luches   h\  means  of  a   thermo-electric 
f  concluded  tbat  the  conducting  power  for  heat  in  metuls 
?  same  order   as   their  power  of  conducting  electricity. 
Ivert  and  Johusou  [P/itl.  Tram.  1858)  Lave  investigated  t!ie 
e  subject  by  a  still  more  direct  method.     Their  plau  of  opera- 
g  consisted  in  employing  two  vessels  made  of  vulcanized  caout- 
chouc, on  account  of  its  feeble  conducting  power  for  heat.    Tlic  bars 
of  the  metals  under  trial  were  each  336  inches  long,  and  o  393  inch 
La^oare.     Each  bar  in  succession  was  passed  througli  an  opening 
B  of  the   sides  of  each  vessel  into   which   it   projected  one- 
h  of  its  length,  the  intervening  portion  being   covered   with 
l&iiized  caoutchouc.      A  given  weight  of  cold  water  sufficient  to 
If  the  bar  was  then  introduced  into  one  of  these  vessels,  and  the 
perature  accurately  observed  j  into  the  other  vessel   a   given 
P^rigbt  of  water  at  about  194°  was  introduced,  and  the  tempera- 
toir  was  maintained  steadily  at  this  point  for    15   minutes  by  the 
occasional  injection  of  steam  in  sufficient  quantity.     At  the  end  of 
iMs  time,  the  temperature  of  the  colder  vessel  was  noted.     A  com- 
i  irisoD  of  the  rise  of  temperature  experienced  in  this  vessel  when 
ir?  of  dift'crcnt  metals  were  employed  in  succession,  furnished  the 
lativc  conducting  power,  correction  being   made   for  the  loss  of 
■  -lit  by  radiation  and  transfer  from  one  vessel  to  the  othei'  daring 
Le  eiperimcnt.* 

The  following  table  gives  some  of  the  results  obtained  in  this 
way,  compared  with  those  of  Wiedemann  and  Franz  : — 

Conducting  Power  for  Heat. 


iltlmii  Empl^vod- 

CJ«n  udJ-hiiMn. 

Wicdnnun  ud  1 

"0. 
BiM  of  T»mp. 

M«n  Couductiiilj.              ] 

.••aTM 

31-90 
2695 

'if; 

53a 
736 

Cmi  Copper 

It  it  to  be  rfgrelted  that  the  authors  did  not  teat  the  accuracy  of  their 
>d  bjr  repcnliag  tbeir  eiperitni-'nti  witli  bsrg  of  the  same  metals  of  a  dif- 
itle&iK'' — ^y  of  fourinrliea:  they  would  do  doubt  have  then  obtained  the 
we;  but  the  ratio  of  the  qTiantitieB  of  heat  conduo^*A,'»!sjvi\i'^^(i- 
been  diShreat.  Tiieir  numbers  at  ■ptesenV  TmisV  6vmA'^  \>o 
led »»  rvpntMmting  the  order  o/"  eo/n/Ke(ici(u,  Wv  n.o^  \,\ie  w\i\wi'»ivfe 
at  it*  aetaia. 


206 


CONDUCTION   OF   HEAT. 


Conducting  Power  for  Heat — continued. 


MetalB  Employed. 


Mercury  . 
Aluminum 
Rolled  Zinc 
Cadmium . 
Bar  Iron  . 
Tin.    .    . 
Steel    .    . 
Platinum  . 
Sodium 
Cast  Iron . 
Lead    •    . 
Antimony 
Bismuth   . 


Calrert  and  Johnaoa. 


BbeofTcmp. 


2 1 '60* 
a  I '30 
20-45 
18*40 
13-93 

1345 
13-65 

I215 
11-65 

1 1 '45 

6-85 
195 


Meui  CondDctintj. 
SiItbt  b  iooo. 


665 
641 


433 

397 
380 

365 

359 

387 


119 

145 
no 

84 


85 
18 


In  the  experiments  of  Calvert  and  Johnson^  the  platinui 
aluminum^  iron^  and  sodium  employed^  were  ordinary  commerd 
samples ;  the  other  metals  are  believed  to  have  been  chemica] 
pure.  The  purity  of  the  metals  is  indeed  a  point  of  great  imp( 
tance^  as  the  presence  of  small  quantities  of  foreign  metals 
other  substances  greatly  impairs  the  conducting  power  of  t 
mass.  Thus  it  was  found  that  gold  when  alloyed  with  i  per  cei 
of  silver,  lost  nearly  20  per  cent,  of  its  conducting  power. 

Alloys  of  tin  and  lead,  and  lead  and  zinc,  were  found  to  a 
duct  in  the  ratio  of  the  mean  conductivity  of  the  two  metals,  a 
these  alloys  were  found  by  Matthiessen  to  conduct  electricity 
like  manner,  forming  an  exception  to  the  generality  of  the  alio] 

Some  alloys  of  good  and  bad  conductors,  with  the  infer 
conductor  in  excess,  give  a  conductivity  no  higher  than  that 
the  inferior  metal ;  bronze,  for  example,  and  the  alloys  CuJ 
CuSuj,  conduct  no  better  than  tin.  The  presence  of  carbon  dii 
nishes  the  conductivity  of  iron.  If  that  of  silver  be  taken  as  10 
malleable  iron,  steel,  and  cast  iron,  will  be  represented  thus : — 


Malleable  iron 

Steel 

Cast  Iron 


436 
397 
359 


It  is  principally  owing  to  diflfercnces  in  conducting  power  tl 
bodies  at  the  same  temperature  excite  when  touched  very 


*  Afanifestlj  this  is  erroneous ;  probably  the  apparent  vefj  hij 
merearj  is  due  to  the  oo&TectWe  GurteuUi eiiU3d\^\iftim^ifiAf&!Q^^ 
were  not  oouitetraoted.  % 


.^SfiA^isQaAiuteL^ml 


jr  of  cold.     A  piece  of  metal  feels  mncli  hotter 

■  jliitT  than  a  piece  of  wood  heated  to  the  same  degree,  because 
'.i''tttJ,  from  its  Biiperior  power  of  conduction,  according  as  it  it 
■'?  or    below    the  temperature  of  the  hand,  imparts  heat    > 

■  ves  it  more  quickly  than  the  wood. 

Tiiis  property  of  conduction  is  possessed  by  liquids  in  a  vc 
k'l  degree.     Ou  filliug  a  test  tuhe  with  water,  and  holding  it 
''<c  lower  part,  whilst  the  top  of  the  tube  is  placed  across  the 

'  of «  spirit  lamp,  the  water  at  the  top  of  the  tube  may  I 

■  'soiling  for  many  minutes  without  occaaioning  the  slightes 
iivenience  to  the  person  who  holds  it,     Gases  are  in  feri< 

ijuida    in    conducting    power;  hence  it  is  that  porous  bodies,  * 
'.  .M  wool,  fur,  and  eider-down,  which  imprisou  large  bodies  of 
iitiio  them,  are  so  well  adapted  for  winter  clothing,  by  pre-, 
{  the  escape  of  the  heat  of  the   Irody   outwards.     For  the 
»on,  chicHy,  the  employment  of  double  doors  and  windows, 
dude  a  layer  of  air  between  them,  is  so  useful  in  prcveot- 
r  heat  of  our  apartments  from  escaping  outwards  ;  or,  as  in 
I  of  fire-proof  boxes  and  icehouses,  in  preventing  that  of 
r  atmosphere  from  penetrating.     In  a  similar  manner  snow 
I  the  warmth  of  the  earth  during  the  rigour  of  winter. 
rapid  change  of  particles  of  air  which  are  in  contact  with 
;  by  the  action  of  a  wind,  renders  the  human  frame  much 
!  to  bear  cold  in  a  windy,  than   in   a  still  atmosphere. 
»  in  the  Arctic  regious  found   that  if  properly  clad,  they 
indure  in  a  still  air,  a  temperature  of— 55°  V.:  while  at  0° 
P  brisk  wind,  it  was  impossible  to  face  the  breeze  with  safety, 
r.illel  case  occurs  in  liquids  :  the  hand  may  with  impunity  be 
itationary  in  water  of  a  temperature  so  high,  that  if  the  hand 
in  motion,  severe  pain  would  be  occasioned. 
^Siujy  familiar  contrivances  for  preventing  the  escape  of  heat,  I 
'  i'jr  fHcilitatiag   the  employment   of  hot  bodies,  depend  upon  I 
B  erf  iuferior  conductors  of  heat ;  thus  a  layer  of  charcoal  ii 
lly  interposed  between  the  case  of  the  furnace  and  its  fire-  i 
■ing,  in  order  to  confine  the  heat.     The  kettle-holder  is  for  I 
I  njicd  to  protect  the  hand  from  the  heat  of  the  metal ; 
'  "I't  the  handles  of  teapots  are  insulated  from  the  hot  metal  by 
■-ODdurting  pieces  of  ivory.     Wicker-work  or  matting  is  placed 
-  '  •■  ■'■-hcs  to  separate  them  from  the  dinner  table  by  badly 
ulintanccs. 

ilic  economy  of  fuel  depends  upon  a  jndicions  appli- 

iii&ac  pr'mciples.     An   instructive  i\\ustral\oi\  ol  \lMivt      ' 

I  esbibiicd  in   the   manner   in  wUicV  \vca.t  mKj  \» 


economized  hy  an  appropriate  construction  of  the  btnlcr  o 
engine.     The  form  which   answers  tliis  purpose  most  | 

that  which  is  known  as  t! 
Fio.  103.  nisi,   boiler.     Fig.  105  1 

transveree  section  of  this  I 
it  consists  of  two  cylinden|il 
one   within  the   other;  betM 
the  two  is  the  space  for  the  »  '" 
the  interior  cylinder  eontuM  t 
fire-grate,  ash-pit,   and  the  f 
portion  of  the    flue:    the  ll 
which  would   otherwise  he  1 
ducted    away  by    the    fire-bl 
and  by  the  masonry  of  the  B 
pit,  is  thus  economized,  and  1 
lieated    products   of  com 
pass  through  the   boiler  tot 
w  _       which  is  sometimes  as  much   as  40   or  < 

feet;  the  hot  air  then  returns  along  the  outside  of  the  boi 
towards  the  fireplace,  and  once  more  passes  underneath  the  \i 
before  it  finally  reaches  the  chimney,  c.  Loss  of  heat  frou  1 
outer  surface  of  the  boiler  is  prevented  by  covering  it  1 
layer  of  badly  conducting  material.  In  the  boiler  of  the  I 
tive,  where  a  stronger  draught  is  necessary,  the  fireplace  is  ■ 
rounded  at  top  and  on  its  two  sides  by  a  double  casing  contatnf 
water,  and  the  hot  air  from  the  furnace  passes  through  the  leu 
of  the  boiler  by  a  number  of  small  tubes,  which  open  at  one  ( 
into  the  fireplace,  at  the  other  into  the  chimney.  Loss  of  b 
from  the  external  surface  is  here  also  prevented  by  casiog  I 
boiler  in  some  non-conducting  material,  such  as  felt,  whicb 
usually  covered  with  wood. 

(144)  hiequality  in  the  Rate  of  Conduction  in  different  Dh 
tions. — The  researches  of  De  Senarmont  {Ann.  rfe  CAimi*-,  Ill.i 
457,  and  xxii.  179,)  have  shown  that  although  the  condocti 
power  of  solids  which  are  homogeneous  throughout,  and  of  cryst 
which  belong  to  the  regular  system,  is  uniform  in  every  direct! 
yet  that  in  all  crystals  which  do  not  belong  to  the  rcgulsr  s 
the  conducting  power  varies  in  different  directions,  according 
the  relation  of  the  direction  to  that  of  the  optic  axis  of  the  c 
Tbe  finidainental  fact  is  easily  demonstrated  by  taking  two  sli 
of  quai-tK,  one  cut  parallel  to  the  axis  of  the  pnsm,  the  otbor 
»t  right  anglei)  to  that  axis  ;  through  the  centre  of  each  |iUl 
amatl  corneal  apettore  is  driWcA  fut  t\vc  ttt^ryWou  ml  u  «&.-««c  « 
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Fio.  loC. 


'  whicli  can   be  heated  in  a  flame,  and 
its  coiiductiug  power,  acta  aa  an  uniform 
e  of  heat.     If  previously  to  the  apjili- 
heftt  the  surfaces  of  the  crystal  be  coated 
u,  the  wax  ia  the  plate  cut  across  the 
106,  i)  will  be  melted  ia  the  form  of  a 
wldch    the   wire   occupies   the   centre ; 
1  the  other  plate  the  wax  will  be  melted 
tna  of  an   ellipse,  the  two  diameters  of 
1000 :  1311,  the  loDg  axis  coinciding 
direction  of  the  optic  axis  of  the  crystal 
3)  showing  that  the  conducting  power  is 
tbis   direction    than    in   one   at  right 
t :  whilst  the  circular  form  of  the  melted 
le  first  experiment   shows  the  uniformity 
tieat  is  propagated   in  all  directions 
nd  parallel  to,  the  axis  of  symmetry.     In 
rith  two  optic  axes,  the  results  although 
npUcated,  present  the  same  intimate  connexion  with  the 
of  those  lines  within  the  crystal.     Bodies  which  are  not 
ixhibit  an  inequality  in  their  power  of  conducting 
difierent  directions,   when  their  molecular  structure  ia 
'  unequal  tension  or  pressure.     Unanncaled  glass,  and 
glass  subjected  to  compression  upon  their  edges,  exhibit 
mena,  the  shorter  axis  of  the  ellipse  being  in  the  line 
or  of  greatest  density. 
nteand  Decandolle  have  shown  that  Fio.  107. 

kfferences  in  conducting  power  occur  „ 

which  conducts  much  better  with 
,  than  across  it ;  that  is,  better  i 
0  paralli^l  to  the  libres,  than  aeroi 
FyndoU  has  not  only  confirmed  this  I 
baa  also  proved  that  heat  passes  ' 
lore  rapidly  in  a  direction  from  the 
surface  towards  the  centre,  a  b  [fig. 
0  it  does  in  a  direction  parallel  with 
lus  rings,  c  d,  {Phil.  Trans.  1853,  p.  226);  the  ^ 
^  power  coinciding  with  the  direction  of  greatest  porosity 
iert  cleavage.  The  heaviest  woods  are  not  always  the 
doctors.  Amprican  birch,  though  very  light,  conducts 
a  oak  which  is  much  denser,  and  far  better  than  iron- 
ch  has  the  unusual  densJtji'  of  i'426. 


Fib.  io8. 


Convection  qf  Heal. 

(145)  Althougli   tbe  power   of  conducting  lieat  poasceei 

liquids  and  gnscs  is  very  small,  yet  they  admit   of  being  n 

heated  by  a  process   of  circulation   or   convection,  which  dq 

upou  the  free  mobility  of  the  particles  that  compose  them.     1 

heated,  each  particle  expands,  and  becomes  for  the  time  specifl 

lighter.     If  the   heat   be  applied  aX 

bottom  of  a  large  flask  nearly  filled 

water,  into  which   a  little  bran  has 

thrown  to  enable  tbe  eye   to   follow 

motion  occasioned,  the  heated  and  lij 

particles  will  be  seen  by  the  mation  0 

bran  to  ascend,  while  their  place  is  m^ 

by  fresh  particles  from  the  sides ;  the 

turn    come    into    contact   with  the  h 

glass  at  the  bottom,  and  they  again 

way   for   colder   portinus.     An   ascei 

"^^^^^  current,  as  shown  in  fig.  108,  is  thu» 

blisbed  up  the  middle,  and  descending 

rents  flow  down  the  sides  of  the  flask,  which  are  kept  cool  b 

air.     Anything  that  checks  this  firee  circulation,   and  occi 

viscidity  in  the  liquid,  impedes  the  i 

Fio.  log.  bution  of  heat.      Porridge  or  starch,  d 

the  boiling,  requires  to  be  constantly  st 

for  the  purpose  of  presenting  fVesb  Ml 

to  the  source  of  heat,  and  of  prevenUi^ 

portions  in  contact  with  the  hot  botb 

tbe   vessel   irom  becoming  overheated 

'  burned.' 

The  motion  thus  communicated  by 
to  liquids,  has  been  ingeniously  appli 
tbe  warming  of  buddings,  by  the  1 
lation  of  hot  water  in  pipes,  One  0 
raoat  eflective  methods  will  be  under 
by  examining  fig,  109,  which  repre 
Perkins's  arrangement  for  huating  liyii 
of  hot  water  at  a  high  pressure.  J 
simplest  form  it  consists  of  a  cootb 
wiougbt-iron  pipe,  1  inch  in  diamote 
tcrnally,  with  a  bore  half  au  inch  to 
meter.  The  pipe  ia  completely  filled' 
water  at  v  ai\l  <;\05a4  Vs  ^^  ^'*Sfr 


■r.-itu8   is  provirled   with   a   chamber   at  E,  of  about  { 
I'apacity  of   the    entire   tube,   to  allow  for  expansion;  thi 
I'lt-r  being  left  empty.     About  ^1^   the   entire  length  of  the 
^s   coiled  up   at   V  c,  and  is  heated  by  a  fiimace,  which  is 
■" ressity  placed   in   the   baaement  of  the  building.     At  a  s, 
"lUer  coils  are  formed  upon  the  pipe  as  it  pnsses  through  the 
r;nt  apartments  which  are  to  be   heated.     The  course  of  the 
;■  i»  indicated  by  arrows.     The  hot  water,  mised  with  bubbles 
^m,  passes  off  from  the  upper  part  of  the  coil,  F  c,  ascends 
.1?  pipe,  a  a,  to  the  highest  part  of  the  building ;  it  then  flows 
-1  either  side  through  the  coils,  s s,  as, and  returns  by  the 
,   c  f,   which   unite  into   one  before  delivering  the   cooled  i 
r  to  the  bottom  of  the  coil,  f  c,     b  g,  s  s  are  stop-cocks   for| 
-liiig  the  current  through  any  one  of  the  heating  coils,  ss, 
i'lie  importance  of  the  exception  in  the  case  of  water  to  the 
'ririty  of  expansion  (137),  in  connexion  with  ttiese  circulatory 
ments  will  now  be  perceived.      During  the  frosts  of  winter 
;  111  process  of  cooling  goes  on  from  the  surface   of  the  earth 
"f  our  lakes  and  rivers  :  the  colder  water  sinks  to  the  !>ottom, 
'  I    [tortious  being    supplied    from   below,  until    the  whole  has 
■  .■  iicd  the  temperature  of  40°;  below  this  point  the  colder  water 
"  iiig   the  lighter  remains  at  the   top,  thus  protecting  the  mass 
ini^alh  from  further  reduction  of  temperature  by  its  inferior  con- 
'     :ing  iiower,  and  preventing  such  a  reduction  at  any  considerable 
''.:  as  would  be  fatal  to  the  animals  which   it   contains.     Ice,  j 
l>eiiig  lighter  than  water,  floats  upon  the  surface,  and  thus  the  I 
"EQS  of  our  rivers  are  protected  from  the  accumulations   of 
n    irateT,   otherwise   inevitable;    and  which    no    subsequent 
icr  heat  would  ever  suffice  to  melt,  or  even  to  reach  from  the 
■  e.     Ill   the  ocean,  ivhere  the  ma:cimum  of  density  occurs 
'»  32°,  the   depth  is  so  great   that,  excepting  near  the  polar  I 
>s,  tite  low  temperature  does  not  last  sufficiently  long  to  reduce  I 
B  to  a  degree  injurious  to  animal  life. 
f(Sj  Currenti  in  Gases — VeHlilatioa. — The  motions  produced! 
s  bjr  the  expansive  action  of  heat   are  still   more  obvious  m 

rive  than  those  occasioned  by  it  in  liquids.  The  tapering 
r  flame  is  due  to  hq  expansion  of  the  air,  accompanied  by 
il  upward  current,  produced  by  the  heat  with  which  it  i» 
A  body  of  heated  air  confined  in  a  light  cuve 
I  considerable  ascensional  power,  and  constitutes  the  0 
n*l»]]oou  ;  it  was,  indeed,  by  means  of  such  a  balloon  tlia 
It  recorded  aeronautic  excursion  took  place. 
a  affpliaitioa  of  the  currenta  produced  in  air  by  iVRcxei 


TRAL-QBT    OP   A   CBIMKI 

of  temperature  to  the  vcotUation  of  our  dwellings  ii 
greul  practical  impurtance.  The  draught  produced  in  tUe^ 
U  due  lo  the  heat  derived  from  the  fire,  which  dilates  the4 
the  flue  above  it,  and  renders  it  specificallj'  lighter:  itconseqaCI 
rises  in  the  shaft,  and  the  longer  the  chimney  the  more  powei 
is  the  draught.  Suppose  the  temperature  in  the  chimnejr  to 
on  the  average  of  its  length  25°  above  that  of  the  outer  air,  wU 
may  be  assumed  to  be  at  41°;  the  dilatation  of  air  for  < 
1°  F.  is  T^-iT  of  its  bulk  at  41°,  the  column  of  air  in  the  chiis 
will  therefore  be  dilated  -^^,  or  J77.  A  column  of  such  he 
air,  21  feet  high,  which  we  will  assume  as  the  length  oft 
chimney,  would  therefore  only  balance  a  column  of  30  fcct 
height  at  the  temperature  of  the  outer  air,  aud  the  ascension 
force  of  the  healed  air  would  he  that  due  to  the  1 
in  weight  between  the  21  feet  of  warm  air  and  21  feet  of  coM 
air,  or  equal  to  the  pressure  of  a  column  of  the  colder  air  I 
in  height.  Air  mustj  however,  be  supplied  to  the  lower  < 
ing,  in  order  to  allow  the  equilibrium  to  be  restored ;  and  if  t 
comraunieation  of  the  apnrtment  with  the  outer  air  be  insuffi 
(as  when  the  doors  and  windows  arc  carefully  closed,  and  Ii»l 
down,  to  exclude  the  draughts  of  cold  air  that  rush  in  at  en 
crevice  to  foruish  that  required  to  feed  the  chimney},  air  will  a 
at  the  top  of  the  chimney;  just  as  when  a  bottle  full  of  air 
jilunged  with  its  mouth  upwards  under  water,  the  water  enten 
the  mouth,  whilst  the  air  escapes  in  gushes  or  bubbles.  Tbco 
sequence  of  cold  air  entcriug  at  the  top  of  the  chimney  will  I 
that  it  pours  down  into  the  room,  and,  as  a  necessary  result,  \ 
chimney  smokes.  If  the  door  or  the  window  be  opened,  bowev 
the  annoyance  ceases.  In  a  room  properly  ventilated,  theretjuii 
supply  of  fresh  air  will  enter  freely,  witliout  the  necessity  of  «tti 
the  door  open. 

In  ventilating  a  room,  it  must  he  remembered  that  the  air  «h 
has  been  used,  and  which  requires  renewal,  has  become  heated 
respiration  and  by  the  burning  of  lam]is  or  caudles ;  it  thcreforr  ri 
and  accumulates  in  the  upper  part  of  the  room.  This  is  tauUy  ■ 
by  0]>ening  the  door  of  a  heated  apartment,  and  holding  a  caudle  D 
the  upper  pail  of  the  door-wuy  ;  if  the  window  he  not  ojieu,  a  cttfT 
will  generally  be  found  blowing  tlie  flame  from  the  room.  Midi 
down  the  flame  will  be  stationary,  while  near  the  floor  it  * 
blown  strongly  into  the  room.  In  this  experiment  the  lighter  bei 
air  flows  out  above,  while  the  heavier  cold  air  supi^lics  iu  plao^ 
euteriiig  at  the  luwer  part  of  the  room.  It  is  for  tliia  ■ 
riaabie  «/irayB  to  make  apertutcs  tot  t\i»;  esv^ivc  o^\uaii«4  i«  la 
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aing ;  tut  it  must  be  rememliered  that  no  ventilation  can  he 
1  which  does  not  provide  for  the  entrance  of  fresh  air,  which 
f  be  prerioBsly  warmed  or  not,  and  whicli  is  best  admitted  at 
lower  part  of  the  room.  In  cases  where  there  is  a  sufficient 
:;it  of  chimney,  a  contriTance  of  Dr.  Amott'a  is  a  valuable 
liary  to  die  ventilation;  it  consists  of  a  balanced  valve,  open- 
-  into  the  chimney,  as  near  the  ceiling  as  practicable.  The 
"i  air  passes  off  through  this  aperture  into  the  chimney,  whilst 
:iiomeiitftry  downward  draught  occasioned  by  the  sudden  shut- 
-  of  the  door,  or  otherwise,  causes  the  valve  to  close,  and  thus 
r.rtut  the  escape  of  amoke  into  the  room, 
!  iic  velocity  of  the  currents  produced  by  heat,  and  the  rate  of 
-  n?  eH'ected  by  them  upon  a  thermometer  heated  up  to  a  deter- 
.;e  point,  vary  in  thffereut  gases,  being  more  rapid  the  lighter 
;,-ia,  Jii  hydrogen  the  rate  of  cooling  is  much  more  rapid  than 
i:>  m,  while  in  carbonic  acid  it  is  eonaiderably  less  rapid. 

1 147)   Trade  Wlndg, — The  processes  of  circulation  produced  by 

Leal  lu  liquids  and  gases,  which  have  j  ust  been  described,  occur  upon 

I  iftit  fcale  in  the  atmosphere  and  in  the  ocean.     The  important 

pbcoomena  of  the  trade  winds  arise  from  movements  which  origi- 

Mie  frtrni  these  causes.     The  temperature  of  the  surface   of  the 

earth  not  being  uniform,  but  being  highest  within  the  tropics  and 

lowrvt  at  the  poles,  the  air  near  the  equator  rises  in  temperature, 

it  hccomes   expanded,  grows    specifically  lighter,    and    therefore 

BKcnds,    its    place  being  supplied  by  cooler  air  from  the    parts 

■dJAcent,  but  nearer  to  the  poles.     The  heated  equatorial  air  rises 

to  a  certain  point,  and  then  falls  over  to  supply  the  place  of  the 

EDcrier  air  just  conveyed  from  the  neighbouring  regions.     In  con- 

xquence  of  these  actions,  t!ie  air  upon  the  surface  of  the  earth  ia 

ontiittuUy  moving  from  the  poles  towards  the  equator,  and  above 

lilts  current  is  another  proceeding  in  the  contrary  direction,  from 

tfce  equator   towards   the    poles.      The   lower  current,  which  is 

*Uwlily  felt  on  each  side  of  the  equator,  through  at  least  ;jo°  of 

ktitude,  is  of  the  utmost  importance  to  navigation,   and  forms 

wfcal  urn  called  tlie  trade  winds.     The  upper  current  does  not 

jviniit  of  being  *o  aceuratcly  traced,  but  there  is  satisfactory  proof 

-'•  eiisteoce.     The  summits  of  many  inter-tropical  mountains, 

-1  3»  (he  Peak  of  Tencritfe,  ia,i8o  feet  high,  and  Mouna  Kea, 

'^r  Sandwich  Islands,   18,400  feet  in  height,   are  sntliciently 

.I'.rH  to  reach  into  the  upper  current;  and  at  the  top  of  these 

i:.uiDs  a  strong  south-westerly  wind  blows  continually,  whilst 

itortli-eaat  trade  wind  is   blowing  at  the  base.     If  the  earth 

■v  ctatMuary,   these  currents  would  set  due   north  and  soutli. 
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The  surface  of  the  globe,  however,  is  revolving  from  west  * 
at  tlie  averse  rate  of  ySo  iniies  per  lioiir  in  its  equatori*^ 
and  the  rapidity  of  motion  gi"aduallj  diminishes  towards  tliiS 
at  which  points  the  motion  almost  vanishes.  Air,  the^ 
which  flows  towards  the  equntor  from  the  poles,  is  movbg 
slowly  than  tliosc  regions  of  the  earth  towards  which  it  adv£* 
Since,  however,  the  objects  upon  the  surface  partake  of  the  m* 
of  the  earth  at  the  particidar  spot  on  wliich  they  rest,  ani 
therefore  the  earth's  motion  is  not  perceptible,  the  effect  of  si 
travelhug  more  slowly  in  the  same  direction  as  that  in  which 
earth  is  moving  wonid  be  precisely  the  same  as  that  of  a  CUI 
blowing  in  the  opposite  direction,  with  a.  velocity  equal  to  the  ( 
rence  between  the  rates  of  the  two  motions,  supposing  the  carl 
be  at  rest :  consequently  the  wind  from  the  north  has  a  set 
the  cast,  which  diminishes  as  it  approaches  the  equator,  whep 
motion  of  the  successive  portions  of  the  surface  becomes  i 
uniform.  From  the  operation  of  these  causes  the  north-east  i 
of  the  moat  prevalent  winds  in  our  cUmate.  Por  similar  ren 
the  equatorial  current  towards  the  poles  sets  in  a  direction 
the  west,  and  retains  its  course  when  it  comes  down  to  the  sui 
which  it  does  at  and  about  our  latitude,  occasioning  the  wa 
winds  which  prevail  in  these  islands  so  generally  at  certain  sa 

The  land  and  sea  breezes  which  occur  morning  and  evi 
along  the  coasts  of  tropical  countries,  are  due  to  the  actii 
analogous  causes.  Dui'ing  the  early  part  of  the  day  the  aurfi 
the  land,  from  the  action  of  the  sun's  rays,  becomes  more  b 
than  the  ever-moving  ocean  ;  the  air  above  it  expands  aud 
whilst  its  place  is  supplied  by  cooler  air  from  the  ocean — Hot 
stitutes  the  sea  breeze  .-  whilst  in  the  evening,  after  sun-wt 
land  cools  more  rapidly  thau  the  ocean,  and  the  air  resting 
it  contracts  in  bulk,  and  becoming  heavier,  (lows  out  durin{ 
night  upon  the  sea,  and  produces  the  land  breeze. 

(148)  Gulf  Stream. — Similar  currents,  of  equal  constauc; 
regularity,  exist  in  the  ocean,  but  they  are  modified  in  their  1 
tiou  by  tlic  general  distribution  of  land  and  water  on  the  ei 
surface.  That  part  of  the  ocean  which  is  immediately  undc 
tropics,  and  bet«een  the  eastern  and  western  hcmi.'ipherea,  f< 
iiiuple,  becomes  highly  heated  ;  the  water  flows  oft'  on  either 
towards  the  poles,  acqiiiiiug  a  westerly  direction  na  it  [KUisea 
of  the  coast  of  Guinea,  and,  striking  the  promontory  of  Caj 
Iloqiie,  on  the  South  iVmericau  cuaut,  is  »plit  into  two  Bin 
the  stnsller  one  continue*  southwards,  towards  Cape  Horn 
larger  ciirrcut  maintains  a  iioxlWwcsi.cA's  toiMsa 'wAc*  xJaa  <1 


ffit  receives  fiirtlier  secessions  oFhcat,  and  is  gradu- 

in  its  direction ;  it  passes  along  the  eouthero   shores 

America,    and    finally  enierges  northward,  in  the  narrow 

!titeen  the  peninsula  of  Florida  and  the  Bahama  Islands, 

Kiimea  the  name  of  the  Gulf  Strram.      The  temperature 

ireat  is  found   to   be   9°  or  10°  higher  than  that  of  the 

)cean.      The   current    passes  on,  gradually  widening 

less  marked,  till  it  is  lost  on  the  western  shores  of 

A  leas  accurately  defined  under-current,  from  the  poles, 

(ly  setting  in  towards  the  equator,  to  supply  the  place 

itcd  water  which  takes   the   course   already  described. 

idering  important  aid  to  the  navigator,  these  currents 

iotaining  an  equilibrium  of  temperature  on  the  earth, 

the   sererity  of   the   polar  frost,  and   tempering  the 

of  the  tropics.      The   comparative  mildness  of  our 

appears  to  be  materially  influenced  by  the  warmth  of 

tream. 

Radiation  of  Heal. 

L  person  placed  in  bright  sunshine,  or  before  a  blazing 
erceive  that  in  addition  to  the  gradual  mode  of  propa- 
particle  to  particle,  heat  is  endowed  with  the  faculty 
>  apace,  and  transparent  media  such  as  the  atmosphere. 
lission  of  heat  occurs  in  right  lines,  with  a  velocity 
it  of  light  itself;  in  fact,  in  its  propagation  it  follows 
iws  as  light,  and  like  all  radiant  forces  it  diminishes  in 
the  square  of  the  distatice  from  the  active  centre. 
it  supply  of  heat  to  the  earth  from  the  snn  is  trana- 
he  process  of  radiation.  Some  idea  of  the  amount  of 
ECeived  by  the  earth  may  be  formed  from  a  rough  cal- 
by  Faraday,  to  the  effect  that  the  average  amount  of 
id  iu  a  summer's  day  upon  each  acre  of  land  iu  the 
London,  is  not  less  than  that  which  would  be  emitted 
nistiou  of  sixty  sacks  of  coal. 

D  its  radiant  state,  does  not  raise  the  temperature  of  the 
h  it  traverses ;  a  tube  full  of  ether  may  be  held  in  the 
luming  mirror  without  becoming  sensibly  hotter;  but 
t  that  the  absorption  of  the  rays  is  caused  in  any  way, 
ndng  a  bit  of  charcoal  into  the  liquid,  the  ether  enters 
lou  and  is  dissipated  iu  va[)onr. 

lejieeiion  of  Heat. — Polished  objects  reflect  the  greater  i 
heat  which  falU  upon  them ;  the  reflected  fti\i\  "vncvictA.  H 
1/8  in  the  same  plane,  and  the  angles  wbicW  \.\\e'^  tosJs.* 
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with  a  perpendicular  to  the  reflecting  stirface  are  olways  eqiiatT 
means  of  concave  mirrors,  the  rays  of  heat,  like  those  of  li 
may  be  brought  to  a  focua,  and,  if  suflicieDtly  intnise,  they 
ignite  combustible  substances  placpd  there.  The  law  of 
reflection  of  heat  may  be  roughly  demonstrated  by  holding  a  i 
sheet  of  tin  plate  in  such  a  position  before  a  common  lire  that  1 
light  of  the  fire  may  be  reflected  from  it,  whilst  the  obser^ef 
screened  from  the  direct  rays ;  the  sensation  of  heat  will  be 
tjble  upon  the  face  the  moment  that  the  refiection  of  the  fire 
Been.  The  same  fact  may  be  shown  in  a  still  more  striking 
by  means  of  two  similar  coacave  paraljolic  mirrors  [fig.  no,  pi 
219}  arranged  opposite  each  other,  at  the  distance  of  10  or  13  i 
or  more.  If  a  lighted  candle  be  placed  in  the  focus  of  one  of  I 
mirrors,  the  rays  will  fall  upon  its  concave  surface,  and  thence 
reflected  iu  parallel  lines  to  the  surface  of  the  second  mirror,  fri 
which  they  will  be  a  second  time  reflected,  and  will  convet^  ati 
focus ;  a  luminous  spot  being  formed  upon  a  piece  of  paper  helj 
this  position.  If  for  this  paper  one  of  the  balls  of  a  difierenti 
thermoscope  (129)  be  substituted,  the  expansion  of  the  air  in  til 
bnlb  will  aSbnl  evidence  that  the  heat  as  well  as  the  light  it ' 
fleeted.  That  the  rays  take  the  course  described,  and  which 
represented  in  the  diagram,  and  that  they  do  not  act  upon  i 
instrument  by  direct  radiation,  is  shown  by  interposing  a  su 
tin-plate  screen  between  the  second  mirror  and  the  thermomcti 
in  this  case  the  bquid  immediately  becomes  stationary ;  whiit, 
the  screen  be  placed  between  the  iustrumcDt  and  the  candle, 
sensible  e fleet  is  produced. 

If,  instead  of  a  candle,  a  red-hot  ball  be  placed  in  the  foctu 
the  first  mirror,  paper  may  be  scorched,  and  gunpowder  or  ph 
phoniB  inflamed  in  the  focus  of  the  second.  Heat,  however, 
emitted  in  the  form  of  rays  from  bodies,  whether  such'bodie* 
luminous  or  not,  A  canister  of  boiling  water  may  be  snbstitv 
fcr  the  candle  or  the  red-hot  ball,  and  the  heat  which  it  em 
klUkOugh  less  intense,  will  be  concentrated  by  the  opposite  nui 
rqualty  well. 

(151)  Abiorption  of  Heat. — DiHerent  substances  reflect  h 
unequally.  Polished  metals  possess  the  power  of  reSection  io 
Ki(liic«t  dcftree,  but  even  the  metaU  differ  coDsi<lenthly  in  refll 
ii«f  (**rT.  ^Jelloni,  from  his  experiments,  has  condtuled  t 
uf  ICC  rays,  cilver  reflects  90  ;  bright  lead  reflecta  60 ;  wliilal  g1 

Mttms  but  10. 

Vy  Kntlching  tlte  aurfacA  of  a  boily  it  refleota  hent  irrrgntn 
iu   ihi}  vjiimt  way  that  a  sheet  ol  wViXk  viv^t  aavvxts  ^^ut  V 
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fhich  it  reflects;  and  by  coating  the  surfiice  more  or  k'aa  eom- 
plctehr  with  lamp-black,  the  amount  of  heat  which  is  reflected  may 
lie  diminished  iu  a  degree  proportioned  to  the  alteratioa  of  the 
(ortacc.  Ill  this  case,  that  portion  of  the  heat  which  is  not  rc- 
Iccted  is  absorbed.  When  the  heat  is  all  reflected,  the  tem- 
pmture  of  the  body  remaius  unaltered  ;  but  when  absorption 
likes  place,  the  temperature  rises  in  proportion  to  the  quantity 
of  heat  which  is  absorbed.  This  difl^erence  may  be  exhibited  by 
|jbciug  a  lighted  taper  iu  the  focus  of  one  of  the  mirrors,  and 
tmploying  in  the  second  focus  a  differential  thermoscope,  oue 
b«ll  of  which  is  gilt,  and  the  other  ball  covered  with  lamp-black. 
Oo  placing  the  gilt  hall  in  the  focus,  scarcely  any  motion  of  the 
bqnid  iu  the  stem  is  perceived ;  but,  on  reversing  the  balls,  although 
wmore  heat  falls  on  the  instrument  than  before,  the  liquid  de- 
icendi  rapidly :  in  the  first  case,  the  heat  is  for  the  most  part  re- 
Ikcted ;  in  the  second  it  is  absorbed,  and  the  temperature  conse- 
^oeady  rises. 

A  similar  result  may  be  obtained  by  taking  two  bright  tin 
plites,  and  coating  one  surface  of  one  of  them  with  lamp-black. 
On  placing  them  in  a  vertical  position,  with  a  hot  iron  ball  mid- 
«y  between  the  two  plates  but  not  touching  either  of  them,  the 
UadkCncd  surface  being  directed  towards  the  source  of  heat,  it  will 
bt  found  that  the  blackened  plate  becomes  heated  by  absorption, 
vhile  the  other  remains  cool :  this  may  be  shown  by  causing  a 
cerk  to  adhere  to  the  outer  surface  of  each  plate,  by  means  of  a 
fitllc  wai  or  pomatum  j  the  wax  will  melt  upon  the  blackened 
ptale,  and  the  cork  will  fall  from  it  much  sooner  than  from  the 
bnght  one. 

Tito  power  of  reflection  seems  to  reside  almost  exclusively  in 
tlie  surface  of  the  body,  A  film  of  gold  leaf,  not  exceeding 
irrWi:  inch  in  thickness,  answers  the  purpose  of  a  reflector  nearly 
M  well  as  a  mass  of  solid  gold ;  since  a  sheet  of  paper  partially 
pit,  if  held  within  a  short  distance  of  a  mass  of  red-hot  metal, 
»ill  become  scorched,  excepting  in  those  points  which  are  pro- 
tected by  the  metallic  film.  The  absorbing  power  of  a  substance 
s  inversely  proportioned  to  its  power  of  reflecting  heat ;  the  best 
nflecton  are  the  worst  absorbents,  and  rice  versd.  As  is  the  case 
vitli  tight,  so  it  is  found  with  radiant  heat,  that  the  greater  the 
Hfie  of  incidence  the  more  complete  is  the  reflection, 

(15^)  Connexion  between  Absorption  and  Radiation. — The  cx- 
fortnieuta  of  Leslie  have  proved  the  e.tistence  of  an  important  con- 
iTOoo  between  the  absorbing  and  the  radiating  power*  o^  vVe&wn* 
■..Jatmees  they  are  t'a   alt   eases    directly  proportioueA^  \a   cua 
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other.  The  great  diversity  of  radiating  power 
ferent  substaocea  may  be  exempliiied  by  the  following 
Let  a  cubic  canister  of  tin  plate  Iiave  one  of  ita  sii 
lamp-black,  and  a  sccoud  side  with  writing- paper, 
scratched  in  various  directions^  and  let  the  fonrtli  remain  polidiei 
Oil  placing  the  canister,  filled  with  hot  water,  in  tlie  focns  of  ons 
mirror,  aud  a  thernioscope  in  the  focus  of  the  other,  it  nill  W 
found,  on  presentiug  each  side  iu  succession  to  the  mirror,  that  ft 
different  temperature  is  indicated.  The  heat  radiated  will  be  foani 
to  be  greatest  from  the  lamp-black,  less  from  the  paper,  still  Icn 
from  the  Gcrutched  face,  and  least  of  all  from  the  polished  surface. 
In  consequence  of  the  more  rapid  radiation  from  blackened  thin 
from  polished  surfaces  of  the  same  metalj  a  given  quantity  of  a  bot 
liquid  placed  in  a  blackened  vessel  will  sooner  reach  the  tcmpei^ 
ture  of  the  surrounding  air  than  if  it  be  placed  in  a  vessel  with  » 
polished  surface. 

In  the  economical  applications  of  heat,  coustaut  scope  is  affordci 
for  the  employment  of  the  powers  of  reflection,  radiation,  and  ab- 
sorption. The  meat  screen  and  the  Dutch  oven,  when  kept  bright, 
are  instances  of  the  application  of  the  reflection  of  heat  to  ben^ 
ficial  purposes,  in  directing  the  heat  upon  the  objects  bi^tweea  then 
and  the  lire.  Tea  made  in  a  silver  teapot,  which,  owing  to  ib 
polished  surface,  long  retains  its  high  temperature,  is  superior  a 
flavour  to  that  made  in  black  earthenware,  which  rapidly  loses  it 
heat  by  radiation.  Pipes  for  the  conveyance  of  steam  should  b 
kept  bright  until  they  reach  the  apartmeut  where  the  heat  is  to  b 
distributed,  and  there  the  surface  should  be  blackened,  in  order  t 
favour  the  process  of  radiation. 

{'53)  Formaiion  of  Dew. — Thedistributionof  heatby  radiatlo 
is  not  confined  to  bodies  highly  heated.  All  substances,  whnte* 
be  their  temperature,  are  constantly  radiating  a  certain  portion 
heat,  the  amount  of  which  depends  upon  their  temperature.  If  t 
bulb  of  a  thermometer  be  placed  in  the  focusof  a  parabolic  mino 
which  is  turned  towards  a  perfectly  cloudless  sky,  in  such  a  dim 
tion  that  the  sun's  rays  shall  not  fall  u^u  the  mirror,  the 
raturc  will  sink  sevei-al  degrees ;  at  night,  fre(]ueutly  as  much  bs  Ij 
or  18°.  The  thermometer,  like  all  other  objects,  is  constantly 
diating  heat ;  the  mirror  cuts  it  off  from  the  rays  proceeding  fro 
surrounding  objects,  and  the  portion  of  space  towards  which  it 
presented  not  rLturuing  the  beat  rmliatcd  towards  it  from  the  v 
Gtrument,  the  temperature  of  the  thermometer  necessarily  fiillai. 
similar  experiment  is  easily  made  with  the  conjugate  mirror*.  If: 
tiie  focus  of  one  mirrorjacagefe^^elmlV^w^t,,^^.  \\ti^V.w 
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*  of  the  opposite  mirror,  the  bulb,  o,  of  tlic  differential 
moacope,  wbicb  has  been   blackeued  to  favour  radiaiiou,  aud 


^^■eh  is  screened  from  the  radiatiou  of  surrounding  objects  by  a 
^^^■nd  amall  mirror  placed  as  at  a.  tbe  liquid  will  soon  rise  in  the 
^^Kb  connected  with  the  blackened  bulb,  because  the  bulb  radiates 
^^Biuda  tbe  ice,  which  only  partially  returns  the  rays  which  it 
b^Tnxii^  ;  and  the  radiation  from  surrounding  bodies  upon  the 
'      'iirnnoscope  being  prevented,  its  temperature  falls. 

The  principles  of  radiation  were  happily  applied   by  Wells  to 

ic  explanation  of  the  phenomenon  of  dew.     Dew  is  formed  most 

^■;iiousIy  during  a  calm,  clear  night  succeeding  a  hot   day  :  it   is 

■[Kwited  in  eiposcd  situations  and  upon  the  leaves  of  plants,  and 

'!i  filamentous  objects  in  general.     As  soon  as  the  sun  dips  below 

L    the  horizon,  and  in  shady  places  even  before  sunset,  radiation  from 

I    tbe  earth  is  no  longer  compensated  by  tbe  solar  rays  ;  the  tempe- 

1     rsiure   of  the  surface  is,  therefore,  speedily  reduced  below  that  of 

'^c  stratum  of  air  in  contact  with  it ;  this  stratum  being  charged 

^'ti  rooiatiire,  is  no  longer  able  to  supjjort  so  much  vapour  iu  the 

'Lilic  form,  but  deposits  it  (just  as  when  a  glass   of  cold  spring 

Imlcr  is  brought  into  a  warm  room,  it  becomes  bedewed  with 
moislure  on  its  outside) ;  and  the  force  of  cohesion  collects  the 
'alcr  into  the  pearly  drops  that  stud  the  herbage  and  sparkle  ia 
■'i  ■  allying  rays  of  the  sun.  On  cloudy  nights  little  or  no  dew  is 
;i»ited,  because  the  masses  of  suspended  vapour  intercept  the 
; »  from  the  earth,  and  return  them  to  its  surface.  Overhanging 
iitdings,  or  the  projecting  branches  of  trees,  iu  a  similar  way 
uirn  the  heat  to  the  objects  beneath  them,  and  prevent  the  re- 
lation of  temperature  which  necessarily  precedes  tlic  deposition 
:  '.lew.  On  windy  niglits,  the  equilibrium  is  rapidly  restored  by 
'  contact  of  fresh  surfaces  of  air  with  tbe  radiating  crust  of  the 
-r.h,  and  little  or  no  dew  is  formed.  Upou  metallic  hoAw^i 
'Jiicli  BK  bad  radiators,  and  upon  the  hard-bcateii  \;&.tU  q 
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^^^■W/tbe  heat  is  conducted   rapidly   fram  tbc  strata  beneatTi, 

^^HBB^  viy  ^^v  is  deposited ;  while  upon  the  branching  shrub, 

l^^httafteil   gratis,  and   the  downy  leaf,  abundance  of  moii^ture  is 

eoDected,   these   being  precisely   the  objects  which   derive  most 

beaeSt  from  its  presence. 

In  India,  near  tlie  town  of  Hoogly,  about  forty  miles  from 
Calcntta,  the  principle  of  radiation  is  apphed  to  the  artificia]  pro- 
doctioD  of  ice.  Flat  shallow  excavations,  from  one  to  two  feet 
Aee\s  are  loosely  lined  with  rice  straw,  or  some  siiuilar  bad  con- 
ductor of  heat,  and  upon  the  surface  of  this  layer  arc  placed 
shallow  pans  of  porous  earthenware,  filled  with  water  to  the 
depth  of  one  or  two  inches.  Badiation  rapidly  reduces  the  tem- 
I  peralurc  below  the  Ireesing  point,  and  ice  is  formed  in  thia 
^  crusts,  wliich  are  removed  as  they  are  produced,  and  etowed  away 
ble  ice-housea  until  night,  when  the  ice  is  conveyed  ia 
I  Calcutta.  Winter  is  the  ice-makiag  season — viz.,  froOk 
I  of  NovemlKT  to  the  middle  of  February.* 
The  fundamental  fact  of  cooling  by  radiation  of  the  bodies  on 
which  dew  is  forming,  is  easily  verified.  If  a  thermometer  1» 
laid  upon  a  grass  plat,  on  a  clear  night,  it  will  be  foiuid  to  indi* 
cate  a  tempeiature  several  degrees  below  that  shown  by  a  second 
1  thermometer,  suspended  two  feet  or  more  from  the  surfiice. 

(15^)  LittD   of   Cooling  by   Radiiition.- — The  rapidity  of  the 

""   I  of  any  body  by  radiation  depends  upon  the   excess   of  it« 

llure  over  tliat  of  the  externid  air.     The  hotter  the  body, 

B  rapidly  docs  it  cool ;  and  as  it  approaches  the  tempera- 

F  the  air,  the  more  slowly  docs  it  lose  its  excess  of  heat. 

Newton  assumed  that   the   quantity   of  heat  lost   by  a  hot 

I  "bod)-,  for  equal   inWrvals  of  time,  was  proportioned  to  the  excea 


iLnuiMMfDnnatiunof  ice  at  the  bottom  of  Bomem^id,  clear,  audroi^ 
WL,  it  OM«ciu»Klly  ar«D  unitfr  the  inQueoce  of  radiation,  durinif  the  pre- 
Wof  l«i(Elit  froaly  nratb^r.  Ice  thuB  fomicd  is  termed ^rrounif  icv,  TlW 
Nial»«k>«n1o  40^  Musaal,  but  below  this  point  the  colder  «-nt«r  no  lonftar 
«y*V4«iHuu  Ufvr,  nt  in  still  sheets  or  gently  mpving  alrcnius;  Uia 
li)wlut«<l  bv  ihtt  pMsngc  of  tlie  water  ihraugli  its  precipitous  anil 

—  "^ »ltd«kM  the  t»mper«lnre  uniform  tliroughoul,  till  itBTnTOsaC 

I.  lUilialiin),  meuitime,  prooeeds  ILrougb  the  wsi«c  flma 
Ay  tttfiavoXt  in  lUo  bed  of  the  strcnm :  these  liccome  sow 
k  Wtd  to  th<mi  tho  ice  attauheH  itself  in  Etlrery.  cauli&nr«P- 
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t  it*  tempernture  above  that  of  the  surroimding  air ;  so  that  if  a 
body  heated  to  100°  in  an  almosphei'e  at  0°,  lose  io°  in  one 
ninutc,  the  same  body  heated  to  50°  would  lose  5°  per  miuute, 
the  air  being  also  at  0°,  Later  experiments,  however,  have  shown 
tliat  tiiis  assumption  is  not  exact,  even  for  low  temperatures,  aud 
that  it  becomes  very  inaccurate  at  high  ones. 

An  admirable  scries  of  researches  upon  the  rate  of  cooling  by 

[:iriiatiou  were  made  by  Duloug  and  Petit  (Ann.  de  CMm'te,  II.  vii, 

; ;;).     They  employed  a  hollow  sphere  of  thin  brass,  blackened  in 

ri-j  interior,  and   furnished  with  arrangements   for  exhausting  it 

■:'  air.      For  the   heated   body  they  used  a   thermometer  with  a 

^rge  bulb,  heated  to  a  determinate  degree,  and  supported  in  the 

'  iLilre  of  the   hollow  spliere.     They  then  placed  the  apparatus  iu 

-iter  which  was  maintained  at  a  constant  temperature,  and  they 

'■■.-MS-vetl  that  the  rate  of  coohog  differed  with  the  nature  of  the 

_  isecua  medium  contained  in  the   globe.     If  the  temperature  of 

■'.(•   sphere  continued  constant  whilst  the  experiments  were  made 

;.i  racuo  upon  the  heated  body  at  temperatures  ascending  according 

to  the  terms    of  an  arithmetic  progression,  the  rapidity  of  cooling 

mcjEosed  according  to  the  terms  of  a  geometric  progresoiou,  dimi- 

oiahed  hy  a  constant  qunntity  ;  this    coustant    quantity  being    the 

beat  radiated  back  upon  the  cooling  body,  from  the  inner  surface 

of  the  Fphere.     If  the  temperature  of  the  sphere  and  that  of  the 

healed  body  were  both  raised  according  to  tlic  terms  of  an  aritfa* 

mctical  progression,  so  that  the  difl'crence  between  the   two  was 

always  coustant,  it  was  found   tliat  the  rate   of  cooling  increaseil 

I  the  temperature  rose,  according   to  the   terms  of  a  geometric 

ipressiou. 

(135)  Radiation  takes  place  more  freely  in  I'aeuo  than  in  air.    It 

■CftlcuLated  that  the  solar  rays,  in  traversing  a  column  of  air  6000 

t  bigh,  are  deprived  of  one-fifth  of  their  heat  in  consequence  of 

B  imperfect  transparency  of  the  air.     The  absorption  of  heat  is, 

■erer,  iufluenced  by  an  important  cause,  to  which  no  allusion 

■yet  been  made,  and  which  was  first  placeii  in  its  true  light  by 

■e^ieriments  of  Melloni.    It  may  be  illustrated  in  the  following 

■uier: — 

'  If  a  number  of  sources  of  heat  be  employed,  each  different  in 
1  and  in  iutensity, — such  as  the  naked  flame  of  an  oil  lamp,  a 
itinum  wire  heated  to  redness  in  the  flame  of  a  spirit  lamp,  a 
ilieel  of  Popper  heated  to  between  700^  and  800°,  in  a  current  of 
Wtcd  air  which  is  rising  from  a  lamp  placed  beneath  it,  and  a 
T  canister  filled  witli  boiling  water, — the  baU  of  a  tWettnceco^ 
rf  tritb  lamp-bl&ck  may  be  placed  at  such  a  dVala'fice  fatjtii  cwJsi 
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of  tliese  sources  of  heat  that  the  liquid  shall  stand  in  each  case  81 
the  same  point ;  that  is,  the  temperature  to  which  the  tbermosrape 
is  exposed  shall  be  equal  in  each  case.  Now,  if  these  distances  be 
noted,  and  if  the  ball  of  the  thermoscope  be  covered  with  a  Tariety 
of  other  substances  in  succession,  instead  of  with  lanip-hlack,  tlw 
thermoscope  when  exposed  to  each  of  the  different  sources  of  heat 
in  snccession,  will  appear  to  receive  different  proportions  of  hcflt, 
although  placed  at  the  distances  at  which,  when  it  was  coated  nth 
lamp-black,  the  heat  appeared  to  be  equal.  Thus,  suppose  that  tbs 
heat  absorbed,  when  the  lamp-black  was  used,  in  each  case  nerfl 
equal  to  loo  :  if  the  thermoscope  were  coated  with  white  lead,  It 
was  found  that,  at  the  same  distance  from  the  naked  flame  w 
before,  it  indicated  a  heat  of  only  53 ;  opposite  to  the  rcd-bM 
platinum  the  heat  was  56,  instead  of  100  as  with  the  lamp-black: 
with  the  copper  at  750°,  a  heat  of  89  instead  of  100  waa  indicated; 
while  opposite  the  canister  of  boiling  water  tlie  thermoscope  showti 
a  heat  of  100,  corresponding  exactly  with  the  effect  upon  it  when 
lamp-black  was  used. 

The  following  table  exhibits  some  of  the  results  which  Mellom 
obtained  by  operating  in'  this  way ; — 

Relative  Absorbability  of  different  kinds  of  Heat. 


Abucbiiig  Snrfua. 

Cajiprrm 

Coprn.'i 

Lamp.blncV      .... 
WhiW  Lead     .... 

IgindnsB 

Indian  Ink 

SUel)  Lac 

Polished  Metal     .     .     . 

100                100 

53            5*! 
5»            54 
96            95 
43            47 
'4            13s 

100 
70 

'3 

100 
too 

is 

7> 
'3 

Lamp-black  appears  to  absorb  all  the  rays  that  fall  upon 
from  whatever  source  they  may  have  originated ;  and  the  amoo) 
absorbed  by  metallic  surfaces,  although  smaller,  is  nearly  unifc 
whate\-er  be  the  source.  It  has  also  l)een  observed,  that  the 
intense  the  source  of  heat,  the  greater  usually  is  the  proportii 
absorbed. 

Franklin,  nearly  a  century  ago,  made  the  observation  that 
heat  ia  absorbed  with  greater  or  Ies»i  facility  according  to  the  eolo 
of  the  object  upon  which  the  rays  fall,  but  that  little  or  no  an 
difference  exists  with  the  heat  of  a  lamp  or  of  a,  candle.  He  to 
pieces  of  cloth,  similar  in  texture  and  size,  hut  different  io  coloi 
and  placed  them  in  the  sunlight,  upon  ncwly-fnllm  anow,  And 
fouad  that  the  snow  melted  undct  l\\is  \.\cceft  tit  Aoi.V'wv'Cr 


DIES    tiOT    ALL    DIATHEltMIC. 

pty  the  darker  tlie  tint — tlie  absorption  being  greatest  witll 
nicno  of  black  clotti,  then  followed  the  blue,  then  the  green, 
le,  red,  yellow,  and  white  pieces,  in  the  oider  enumerated. 
K'5^)  Transmunon  of  Heal  through  Screens. — The  cause  of 
!  remarkable  differences  will  be  best  understood  by  a  coiisider- 
b  of  the  phenomena  attending  the  transnilssiuu  of  heat  through 
1  which  allow  it  to  pass  unobstructed,  as  glass  allows  light  to 
.  )IcIIoui  terms  those  bodies  which  thus  transmit  heat  dialher- 
ioK*,  or  diathermic  (from  Sio,  through,  and  Oipfioi;,  hot) — those 
It  do  not  allow  tins  transmission  of  heat  being  termed  alher- 
HKt  or  adiathermic. 

I  Bodiea  that  are  transparent  to  light  are  by  no  means  equally 

a  radiant  beat.     This  arises  from  two  causes,  which  require  to 

rcfally  distingiiished  from  each  other,  and  which  may  be  sepn- 

fely  illustrated  by  a  parallel  action  on  the  rays  of  light.    A  glass 

oing    pure   water    absorbs  very   little  light,  and  transmits 

t  all   that  it  does  not  reflect :  if  the  attempt  be  made  to 

eits  transparency  by  ascertaining  the  distance  at  which  a  page 

din  small  type  is  legible  when  the  vessel  of  water  is  interposed, 

I  aftenrards,  when  it  is  removed,  the  difference  in  the  two  cases  is 

dlr  appreciable.     If  a  few  drops  of  a  mixture  of  Indian  iuk  and 

r  be  added,  the  transparency  will  be  diminished,  and  tbc  cha- 

will  Ik;  legible  at  a  smaller  distance ;  a  further  addition  of 

k  win  diminish  the  transparency  more  and  more,  until  the  letters 

r^Ui  he  no  longer  discerned.     The  light  that  is  transmitted,  how- 

E'cr,  although  diminished  in  quantity,  is  of  the  same  character  aa 

the  incident  light ;  and  a  prismatic  analysis  shows  that  both  con- 

fi--t  n{  the  same  colours  in  the  same  proportion  :  if  indigo  be  subati- 

tuled  for  Indian  ink,  the  legibility  of  the  page  is  diminished  to  au 

tileiit  ncariy  equal ;  but  the  prism  show*  that  certain  of  the  rnys 

luTc  been  absorbed  more  completely  than  others.     Similar  effects 

Me  jiroduccil  with  the  rays  of  heat.     There  arc,  however,  a  number 

uf  suhatances  which  are  almost  perfectly  transparent  to  light — viz., 

imong  solids,  glass,  diamond,  Iceland  spar,  ice,  and  a  great  uumhef 

ofaystak;  amongst  liquids,  water,  spirit  of  wine,  ether,  turpentine, 

Hid  a  miillttude  of  other  bodies;  and  among  aeriform  bodiea,  at- 

iiwiplieric  air,  and  the  greater  number  of  gases.     For  heat,  on  the 

smtrary,  there  is  only  one  known  solid   that  approaches  perfect 

"athtnnacy,  and  that  is  rock  salt;  colourless    gases  possess    tlie 

perty  ^so  iu  a  still  higher  degree;  but  no  liquid  has  yet  been 

covered  which  is  free  from  absorptive  action  on  the  thermic  rays. 

i   The  more  iin;)or(aiit  parts  of  the  apparatns  em^to^ed  by  Mel- 

a' ia  theac  rfsearcbea  are  rejiresented  iu  fig.  i\t.     Qu»;  qIVv^ 


I 
I 
b 
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placed  as  at  M,  on  a  moveable  support,  behind  the  perfon 
screeu,  s  ;  the  rays  being  concentrated,  when  necessary,  by  the  a 
cave  mirror,  M  :  they  were  received  at  a  suitable  distance  from  tiiM 
upon  the  thermoscope  or  thermo-multiplier,  t.*  If  a  double  ecreen 
8,  of  polished  copper  were  interposed  between  the  source  of  heat  a 
the  thermoscope,  the  rays  of  heat  were  entirely  intercepted.  Haria) 
placed  the  thermoscoije  at  such  a  distance  as  always  to  indicate 
when  tlic  copper  screens  were  removed,  a  constant  given  elevation  01 
temperature,  a  plate  of  some  substance,  the  diathcrmacy  of  wbid 
was  to  be  ascertained,  was  then  introduced  at  p  ;  and  on  obsei 
the  diETereucc  of  temperature,  as  marked  by  the  instrument,  the  p 
portion  of  heat  which  the  plate  transmitted  was  at  ouce  ascertained 
In  this  manner  Melloni  found  that  plates  of  rock  salt  of  , 
transparency,  varying  lu  thickness  from  thc-,L  of  an  inch  to  a  or; 
inches  in  thickness,  transmitted  92  out  of  every  100  rays  indd< 
upon  them,  whatever  were  the  source  of  heat  employed  ;  the  ioas  a 
8  per  cent,  being  mainly  due  to  a  uniform  quantity  which  ia  n 
fleeted  at  the  two  surfaces  of  the  plate ;  rock  salt,  therefore,  la  ft 
heat  what  pure  colourless  glass  is  to  light.  The  following  e 
ment  shows  the  independence  of  diathermocy  and  transparenoy  :■ 
If  a  cast-iron  ball  heated  to  about  400°  be  placed  midway  betwd 
the  blackened  bulbs  of  a  thermoscope,  each  bulb  will  receive  1 
equal  amount  of  heat,  and  the  liquid  will  remain  atatiouury  ;  ht 
if  a  jilate  of  rock  salt  be  interposed  between  the  iron  and  oue  of  d 
ball»,  and  a  plate  of  glaita  of  equal  thickness  be  placed  betww 


*  Ht  these  inquiries  ft  peculiar  and  very  delicate  thermotnetria  appantm 
ifd  a  tifrmomuUipli«r  (167),  wu  iienenU;  envvV^ei. 
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"wB  anil  the  other  bulb,  it  will  be  found  that  although 
are  almost  equally  transparent  to  light,  jet  the  bulb 
rock  salt  will  rise  in  temperature  much  more  rapidly  than 
one  Hfit  the  glass.  In  liquids,  the  iDdepcnclencc  of  traiispa- 
ifDcy  and  diathermacy  is  still  more  striking.  Thus,  out  of  loo 
ran  that  fell  from  an  argaud  lamp,  ou  each  of  four  liquids  equally 
tniuparriU — viz.,  water,  stdphuric  acid,  ether,  and  oil  of  turpentine, 
Tr»ler  transmitted  only  1 1,  sulphuric  acid  17,  ether  21,  and  oil  of 
im^iitiite  31  ;  while  chloride  of  sulphur,  which  is  of  a  reddish 
colour,  allowed  63  of  the  incident  rays  to  pass. 

The  following  table  includes  some  of  the  results  obtained  by 
Mellcmi.  for  several  solid  bodies :  in  these  experiments  plates  of 
equal  thickness  were  used  in  each  case. 

Diuthennacy  of  different  Solids. 


E4'i  pku  H  r  t«  iDdh  tbick. 

Film,.. 

,!es.|  ;,w 

^iTk' 

■  u      :  -.Ir  (limpid) 

-i.llAur  (yellow)  .    .    . 

■  -    ir  (limpid) 

-11  .l-1oqJv) 

r,i-Uj.^lIow)        .      .     . 

-.;..r  {limpid)    .... 
iiiiipidj  \    '.'.'.'.    '. 

:-^'M) 

'irie  (dirkgrWil)    '.     '.     '. 

9»3 

1 

39 

37 
33 

iS 

'i 

1 

28 
34 

16 

»4 

6 
6 
6 

C 

4 

3 

93-3 
S4 

3 
3 

'■.inxCtiidj  flitnpid)    .'     .     !     ! 

:!f,iTni(irij  of  Liquids  Contained  in  Glass — stratum  tfliquidQ-'^6z 

Tht^  source  of  heat  in  each  case  was  an  argand  oil  lamp. 

'  t"  Carbon  (calourleBn)  63    I  Ether .  3 1 

f^iiilplnir  (fed  brown)  (13      Sulphuric  Acid  (polourU-ss)      .    -  17 
.  f  I'liosjiboru*       .     .  6a   I  Do,  (brown)       ...   17 

riirjjentme    -     -     .     .  31       Nitric  Acid i,"; 

lUow) 30      Alcohol 13 

^rit-nish) 30  I  Diatilled  Water 11 

The  experiiYients  of  Knoblaueh  have  shown  that  even  metallic 

bodies  ill  very  thin  films  arc  diathermic,  presenting  an  analogy 

*  ith  their  limited  trausparciicy  to  light  in  films  of  similar  tenuity. 

":  Id  uid  silver  transmit  certain  of  the  rays  of  lieat  more  freely 

in  others,  whiUt  platinum  appears  to  transmit  all  the  rays  with 

.:i£ai1f  equal  facility.     On   the  other  hand,  TyndaW  \taa  foaw^  mv 

■atatwo  of  the  results  of  Fraaz,  that  the  guac-s  c5.ct\,  &S*i^t\A 


degrees  of  absorptive  action  on  the  rays  of  heat,  and  even  wii 
colourless  that  this  etfcct  is  strongly  marked.  Coal  gaa  cserti 
much  stronger  absorptive  effect  than  atmospheric  air,  and  til 
vapour  of  ether  considerably  more  than  that  of  the  bisjiljthide  < 
carbon.  Certain  rays  arp  more  powerfully  absorbed  by  the  coloni 
less  gases  than  others.  For  example,  coal  gas  arrests  the  beat  nji 
from  a  source  below  a  visible  red  heat,  much  more  perfectly  thuj 
absorbs  the  rays  of  the  lime  light  after  they  have  traversed  a  tlui 
layer  of  water.* 

It  by  no  means  necessarily  foUovre  that  a  body  which  is 
parent  to  light  is  also  ahle  to  allow  the  passage  of  heat,  and  vu 
versa:  sulphate  of  copper,  which  permits  the  passage  of  blue  li)^ 
abundantly,  arrests  the  rays  of  beat  entirely.     Again,  the  opiqt 
black  glass,  used  for  the  construction  of  polarizing  mirrors, 
mits  a  considerable  ^mrtion  of  the  thermic  rays.     Smoked 
aalt  and  black  mica  also  exhibit  the  same  power. 

Mechanical  arrangement  appears  to  have  even  more  infli 
upon  diathermacy  than  chemical  composition.  Common 
salt  is  perfectly  adiathermic.  A  solution  of  rock  salt  is  scarccl] 
superior  to  pure  water  in  diathermacy,  and  a  Bohitiou  of  alum 
equally  diathermic  with  a  solution  of  rock  salt.  This  is  pcricctl 
consistent  with  the  effect  which  alteration  of  structure  produi 
on  the  action  of  bodies  on  light.  Common  loaf-sugar  is  o\ 
and  of  dazzling  whiteness,  but  pure  sugar-candy  [the  same  boi^ 
only  in  larger  crystals)  is  colourless  and  transj>arent :  tbe 
transparent  glass,  by  pulverization,  may  be  reduced  to  a  wldl 
o|Kique  powder. 

Id  Gondacting  tliese  experiment)!,  the  aase»  were  placed  in  a  glua  tl 


experiment!!,  the  ai 
a<?Q  by  poliihed  pli 
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i  to  allow  the  tube  to  be  exhausted.  buiI  filled  witli  the  diflerent  ^ . 

sucueuioD.  The  dilTerential  i;iilvaDonieter  of  fieequere)  (241)  wu  emploj) 
for  Diraaurini^  the  diOcrencea  of  temperature.  For  this  purpose  each  Md  1 
the  galvauomcter  was  attached  to  a  Beparale  thermo-multiplipr,  the  cnrtM 
throu)!h  the  tno  wires  of  the  italvanomcterbeinff  made  topUBiDopposil«dilti 
tions,  no  that,  whan  the  two  wore  equal,  the  efiectof  each  upon  theoeedt*  Wl 
neiitralixed,  and  the  needle  ntood  at  zero.  When  a.  source  of  bent,  of  a  imam 
niture  of  about  600°  is  placed  at  one  end  of  the  exhausted  tube,  aad  a  tlun 
electric  pile  at  the  other  end,  bo  that  the  rara  shall  traverse  the  leugth  of  I 
lube  before  they  fall  upon  the  face  of  tbe  pile,  the  needle  of  the  galvaaoiaH 
isdelleeted,  but  the  equilibrium  of  tbe  needle  may  be  restored  b^  cannng  t 
BiMOiid  thermci .multiplier  to  approsch  the  source  of  heat,  until  it  iwoeivM  1 
■mount  of  radiatioQ  equal  to  that  which  falls  upon  the  first  m'iltij>lier.  ! 
under  these  cipcumstsnoea,  air  be  admitted  into  the  oxhati"[i  '  ' 
librlum  of  the  needle  is  diitnrlied,  and  the  absorptive  acli<ir. 
dcrod  obvious.  On  sfiain  exhauBtiog  the  air,  the  needle  1  < 
at  tero;  and,  bv  substituting  other  gases  suceeMirely  for 
theinnouat  of  Jelle!;tion  is  founAto  virj  aoiMJiftitij toftvt  v 
vriaployed. 


UCTION-    OF    HKAT. 

As  alreiwly  mentioned,  pure  colourless  rock  salt  is  the  only 
"  1  stibitaucc  the  diathermacy  of  which  approaches  perfection ; 
d  BTen  nx'k  salt,  aecoriliiig  to  the  recent  researches  of  Knoljlauch, 
1  pertain  of  the  raya  of  beat,  somewhat  more  freely  than 
All  other  bodies  upon   which  Mclloni  has  made  esperi- 
i,  Irauamit  a  quantity  of  heat  which  varies  with  the  nature  of 
jfce,  from  a  second  cause,  which  has  been  termed  tfiermo- 
,  or  calorific  tint,   which  is  analogous  to    a   difference   in 
'  for  objects  transparent  to  light;   to  tliia  cause   must   be 
rated  the  remarkable  differences  in  the  amonnt  of  absorption 
,  according  to  the  source  from  which  the  heat  emanates. 

I  Refraction. — Radiant  heat,  like  light,  is  susceptible  of 
i:  a  large  convex  lens,  placed  in  the  sun's  raya,  not  only 
Jcus  of  intense  light,  but,  as  is  well-known,  constitutes  a 
1  burning-glass.  Inflammable  objects  are  easily  ignited  by 
ii  meana,  and  the  focns  of  heat  is  foimd  to  correspond  nearly  with 
it  of  the  greatest  light.  Further,  if  a  solar  beam  be  subjected 
e  action  of  a  prism  of  transparent  rock  sail,  and  the  coloured 
r  ipcetmm  so  olitained  be  examined  by  means  of  a  small  but  sensi- 
tJre  thermometer,  it  is  found  that  the  rays  of  heat,  like  those  of 
l^ht,  (lOSKCss  unequal  degrees  of  refrangibility  ;  hence,  the  rays  of 
■at  are  not  all  accumulated  in  one  spot,  but  are  distributed  over 
the  coltrr  spectrum.  There  are,  in  fact,  differences  in  the  rays  of 
it  corTcsi>onding  to  those  of  colour  in  the  rays  of  light.  The 
r  portion  of  the  rays  of  solar  beat  are  even  less  refrangible 
•  red  rays,  for  the  maximum  of  temperature  in  the  solar 
n  is  found  at  a  distance  below  the  eittreme  red  rays  as 
I  the  brightest  yellow  is  above  them.  By  the  employ- 
t  of  different  Bources  of  light,  spectra  are  obtained  in  which 
y  of  the  light  varies  in  different  parts,  according  to  the 
iUng  colour  of  the  luminous  rays, — the  yellow  light  of  common 
i;  a  spectrum  most  intense  in  the  yellow  rays,  and  the  red 
f  nitrate  of  strontia  giving  a  spectrum  in  which  the  red  rays 
ft  Ibe  greatest  intensity.  In  the  same  manner,  by  varying 
B  of  heat  which  is  employed,  the  position  of  maximum 
^re  in  the  refracted  beam  is  found  to  vary :  the  less 
B  source  of  beat,  the  smaller  is  the  refrangibility  of  the 
The  flame  of  a  naked  lamp,  for  example,  emits 
;  of  all  degiees  of  refrangibility,  its  maximum  of 
;  about  the  middle  of  the  spectrum ;  from  the 
nw,  the  maximum  heat  falls  nearer  to  the  red ; 
t  ^jo°  nearer  still ;  and  the  beat  rBA\atei  Itom.  * 
t  ■Ji3°  coutaiua  scarcely  any  of  the  more  irfiaiigv\i\B  "tK^* 
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Now  it  is  o1jvtou3,  that  a  mixeil  pendl  of  heat,  which  falls  opoD 
diatbermic  medium   which  absorbs  certain  of  the  rays  of  h(il 
and  not  others,  will  be  altered  in  a  manner  similnr  to  that  ^ich 
B  ray  of  light  esperiences  in  traversing  a  coloured  gli 

With  a  knowledge  of  these  facts,  there  is  no  difficulty  in 
tmderstanding  how  it  ia  that  the  sun's  rays  can  traverse  a  plate  fi 
glass  and  experience  but  little  absoriition,  and  can  be  brought  to 
point  by  a  couvex  lens,  or  by  a  glass  concave  mirror,  either  of  wliit 
remains  cool  while  iutcnse  bent  ia  developed  at  its  focus ;  wheRU 
if  the  same  lens  or  concave  mirror  be  bcld  opposite  to 
fire,  a  bright  spot  of  light  will  be  obtained  at  the  focus,  but 
or  no  heat ;  whilst  the  glass  of  which  the  leus  or  mirror  ia 
posed  will  become  strongly  heated.  The  rays  which  glass 
moat  readily  are  those  wliich  abound  in  solar  light,  but  tlieifri 
precisely  the  rays  which  are  least  abundant  in  incandescent' 
Advantage  has  long  been  taken  of  this  fact  by  those  who  bKK' 
sion  to  inspect  the  progress  of  operations  carried  on  in  fv 
they  are  able  by  the  use  of  a  glass  screen  to  protect  the  face 
the  scorching  rays  which  the  glass  absorbs,  although  it  o9e 
impediment  to  the  transmission  of  light. 

This  absorption  of  radiant  heat  by  glass  is  easily  dcmonstittl 
by  placing  a  canister  of  hot  water  in  the  focus  of  one  of  the  c 
jugate  mirrors  (lig.  no)  and  a  thcrmoscope   in  the  focus  of 
other :  the  air  In  the  acting  ball  of  this  instrument  ceases  to< 
the  instant  that  a  glass  screen  is  interposed  anywhere  between 
two  mirrors,  in  which  case  the  glass  absorbs  the  rays,  aiid 
heated  itself. 

(158)  Probable  Independejice  of  Light  and  If  eat. — A 
tton  of  the  preceding  facts  led  Mclloui  to  the  discovery  that  \ff 
combination  of  screens  which  allow  light  of  a  given  colour 
pass,  radiant  heat  may  be  entirely  arrested ;  and  thus  a 
tiou  of  the  two  forces  may  be  effected.  By  transmitting 
solar  rays,  first  through  a  glass  vessel  filled  with  water,  wl 
arrests  the  less  refrangible  rays,  and  then  through  a  plafe  of 
peculiar  green  glass  tinged  by  means  of  oxide  of  copper,  wb 
stops  the  more  refrangible  rays,  a  greenish  beam  was  obtain 
which  was  concentrated  by  lenses,  and  furnished  a  greenish  li| 
of  great  intensity,  but  yet  produced  no  heating  nctiou,  nl 
it  was  allowed  to  fall  upon  the  face  of  a  delicate  tbcrmoscojie. 
similar  sci»amtion  of  light  and  heat  is  effected  In  naturo,  in 
light  reflected  by  tlio  moon.  Melloiii  coticcntmUd  tlic  nq^i 
tho  moon  by  menns  of  au  cu^cUcnl  lcn&  oC  ip  iadiea  in  tl 

aod  obttdaed  a  brilliant  tocuft  ot  \ig\it.  ot  o- \  v&ia&. '\& 
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aty  of  wliich  consequently  was  10,000  times  greater  than 

of  tlic  difTiiseil  ligbt  of  tbc  moon  ;  upon  directing  this  focus 

BgHt  ujKiii  the  face  of  a  very  sensitive  therm o-mnltiplier,  only 

m  eitrcmcly  feeble  indication  of  heat  was  obtained.* — {Melloni, 

VKnnoehrose,  Part  I.  note,  p.  35 1.) 

Tlic  foregoing  observations  show  that  in  the  analysis  of  radiant 
bett,  prisms  and  lenses  of  glass  should  not  be  used,  since  they 
kul  to  rcsTilts  as  incorrect  as  those  which  would  be  furnished  by 
•tndviiig  the  phenomena  of  light  by  means  of  coloured  prisms  and 
lowe*.  Rock  salt  furnishes  the  only  known  material  of  which  such 
•pfuratus  can  properly  he  constructed,  and  by  its  means,  rays  pro- 
Beading  even  from  the  human  body  may  readily  be  concentrated 
Bid  made  to  act  upon  a  tbermoscopc.  These  researches  of  Melloui 
aplain  the  cause  of  the  contradictory  results  obtained  in  the 
ttrlicr  experiments  on  the  refraction  of  heat. 

In  all  cspcriments  on  radiated  heat  it  has  been  observed  that 
bW  wltcn  once  absorbed,  whatever  may  have  been  its  original 
wiircc,  acta  in  the  same  manuer  in  producing  expansion ;  and  when 
miliatcd  again  it  does  not  retain  the  peculiarities  of  the  source  from 
■^liich  it  originated  :  the  refrangibility  of  the  re-radiated  heat  de- 
:■  tids  solely  upon  the  temperature  of  the  surface  which  emits  it  a 

■  miiii  time;  SO  that  it  is  immaterial  whether  it  were  originally 

■  nved  from  the  sun,  from  a  lamp  flame,  from  ignited  platinum. 
If  from  non-lurainoua  bodies;  although  it  is  well  known  that  the 
refrangibility  decreases  with  the  temperature  of  the  source  from 
•iiich  it  is  derived.  This  alteration  in  the  refrangibility  of  radiant 
lu-at  corresponds  with  the  discovery  made  by  Stokes  of  a  similar 
: 'i-Tadjition  of  refrangibility  in  light  ( 104).  Heat  of  low  refrangi- 
'  My  may,  however,  he  converted  into  that  of  higher  refrangibility  r 
:  r  example,  a  jet  of  mi^ed  oxygen  and  hydrogen  gases  furnishes 


*  It  ao^hE,  however,  to  be  stated,  that  influenced  by  theoreticHl  oonsiden- 

,'.  Mi'lloi;!.  in  opposilioa  to  these  experiments  and  to  bis  earlier  opiaioas, 

..  rlurine  the  latter  years  of  his  life,  the  identity  of  the  aeontthat 

.  ijt  and  heat.    Traces  of  heat,  he  saja.are  found  in  every  luminous 

>»(«  that  the  rnys  of  heat  may  be  invisible,  just  ne  tlio  chemical 

■  iliovioU'tcndof  the  spectrum  are  invisible.becauaethestmatnro. 

I  i>  not  lusceptible  of  undulations  the  freqneoey  of  which  eic^' 

'  iTa  oeriaiu  amount.     No  doubt  there  eiistd  sh  average  !>' 

'  the  retina  to  receive  Inminoug  inipessions  from  solar;" 

V  between  light  and  darkneds  being  almoit  impf 

'.  i^iuali  the  ri-litui  ia  insensible  to  the  extreme  n- 

'■  \:<iia.   which  are  plainly   discerned  by  otb 

iiiidibilily  of  sonnde  :  in  some  individna 
I .  M  in  which,  as  in  the  chirp  of  a  cricket,  t, 
.-..,  .......l-:r  per  second,  though  such   sounds  are  dis 

-j.iriLj  ill' persona. 
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[  a  beat  nearly  as  intense  as  aiij*  wLicli   art  can  coniitaataa, 
does  not   emit  rays  which  have  the  power  of  traversing  giaaa  ti 

I  »ny  considerable  quantity,  even  though  a  Icus  be  employed  for 

I  tUcir  concentration.     Upon  introducing  a  cylinder  of  lime  into  the 

I  jet  of  burning  gases,  though  the  amount  of  heat  is  not  thus  iii- 

ascd,  the  light  becomes  too  bright  for  the  unprotected  eye  to 

endure,  and  the  thermic  rays  acquire  the  property  of  Iraveraing 

glass,  as  is  shown  by  their  action  upon  a  thermometer,  the  bulb 

of  which  is  placed  in  the  focus  of  the  lens. 

{159)  By  the  employment  of  tourmalines,  and  by  transmisaioa 
through  bundles  of  mica  placed  at  suitable  obliquities  to  the  inO* 
dent  ray,  it  has  been  further  proved  that  radiant  beat  is  also  sus- 
ceptible of  polarization;  since  the  rays  are  reflected  and  tran*- 
littcd  alternately,  according  as  the  planes  of  reflection  from  tfae 

I  mica  bundles  coincide,  or  cut  each  other  at   right  angles  :  Knob- 
lauch [Poggendorff,  Annal.  Isxiv.  9)  lias  also  obtained  distinct  evi- 

I  dence  of  the  diffraction  and  interference  of  the  rays  of  heat.     The 
parallelism  in  the  mechanical  properties   of  radiant  heat  and  t 

'  light  is  thus  shown  to  be  complete. 

§  III. — Heat  of  Composition. 
(160)  Speci^c  Heal. — It  has  been  already  stated  (125)  thi 
I  the  temperature  of  a  body  affords  no  indication  of  the  actui 
quantity  of  heat  which  such  a  body  contains.  The  thermometei 
does  not  even  give  the  proportionate  amount  of  heat  which 
bulks  of  the  same  substance  contain,  if  they  be  compared  at  dif. 
^^_  ferent  temperatures.  It  may,  however,  be  made  to  fiimisti 
^^B  estimate  of  the  relative  quantities  of  heat  contained  in  two  diBbi 
^^P  rent  masses,  either  of  the  same  substauce  or  of  different  sa 
^^B  stances.  The  mode  in  which  this  is  effected  we  proceed  uo«r 
^^m  illustrate. 

^^1  Equal  bulks  of  different  kinds  of  matter,  at  the  same 

^^1  raturc,  contain  very  different  quantities  of  heat,  When  eqi 
^^H  volumes  of  water,  or  of  oil,  or  of  any  liquid,  at  different  tcnip» 
^^H  raturcA,  are  mixed  with  due  precautions,  they  yield  a  mass  tbi 
^^B  temperature  of  which  is  exactly  the  mean  of  the  two.  Thus, ; 
^H  pint  of  water  at  40°,  added  to  n  pint  of  water  at  100°,  gives  : 
^H^  pints  of  water  at  70°.  But  if  two  dissimilar  liquids  be  UKcd,  Un 
^^^  result  is  different.  A  pint  of  water  at  40°  miscd  with  a  pinl  0 
^^B  mercury  at  loo'',  gives  a  mixture  the  temjieraturc  of  which  is  onl; 
^^H  o"  1  but  a  pint  of  mercury  at  40°  mixed  with  a  pint  of  water  a 
^^H  ^"^  giic*  a  mixture  having  a  tcmpcruture  of  80°.  irenriiry  i 
^^H    ^/orv  said  (o  have  lets  cajiacilv  /ur  )u;ul  xtazx  Nt«Xia.     V.'n 


iS%l(TiBaller  amount  of  heat  to  raise  it  a  given  number  of  de- 
ems in  temperature  than  is  required  to  produce  an  equal  elevation 
uf  hroiperatitre  in  the  same  measure   of  water.     If  equal  weights 
(if  the  two  bodies  be  employed,  instead  of  equal  volumes,  the  dif- 
ference is  still   more  striking.     A  pound  of  mercury  at  40°,  agi- 
atcd  witb  a  pound  of  water  at   156°,  gives  a  mixture  the  tempe- 
nlnre   of   which    is=i52'''3.     The   water  loses  3°7,  while  the 
mercury  gains  ii2°'3.     The  quantity  of  heat  which  would  be  re- 
o'iirwl  to  raise  any  substance  1°  F,  in  temperature,  compared  with 
■  quauiity  of  heat  required  to  raise  an  equal  weight  of  water 
i*  called  its  specific  heal :  therefore,  taking  the  specific  heat  of 
-tcT  as    I,  that  of  mercury  will  be  o-o33 : — since  ii3°'3  :  3°7 
i  -.x  (=o-o33). 

The  specific  heat  of  liquids  may  be  determined  by  the  process 
■  raiiture  just  described.  If  the  body  be  in  the  solid  form,  the 
-  cilig  heat  may  be  aacertaiued  by  heating  equal  weights  of  the 
fiLrent  solids  which  are  to  be  compared,  to  the  same  degree,  then 
incrHing  each  in  an  equal  bulk  of  water,  and  observing  the  ele- 
.:!!jn  of  temperature  produced  in  each  case.  Experiments  con- 
I  red  in  this  manner,  show  that  great  differences  iu  specific  lieats 
Researches  of  this  nature  are  necessarily  attended  with 
-  -t  difficulty,  owing  to  the  variety  of  sources  of  error,  and  the 
"ibcr  of  precautious  required  in  order  to  ensure  accuracy. 
<]  particulars  upon  these  points  are  given  in  the  papers  of 
long  and  Petit  upon  this  subject  [Ann.  de  Chimie,  II.  vii.  22^, 

I  I.  395),  and  of  Regnault  {Id.  11.  Ixxiii.  j,  HI.   i.  129,  and 

.Another  mode  of  ascertaining  differences  in  specific  heat  is 
;  iiicd  on  the  different  rales  of  cooling  exhibited  by  equal 
•-fs  of  dissimilar  composition  ;  those  which  have  the   greatest 

ilic  heat  cooling  most  slowly.    Suppose  the  different  bodies  to 

mmpared  have  all  been  heated  to  zi2°,  placed  iu  the  same 
■'-\,  and  allowed  to  cool  down  50°,  under  exactly  similar  cir- 
iL'Unccs;  by   noting   the  time   occupied   by   each  in  cooling 

ugh  this  interval,  and  by  compafing  this  with  the  time  re- 
r.-i!  by  an  equal  weight  of  water  to  cool  through  the  same 
rmoroctric  interval,   a   aeries   of   numbers   would  be  obtained 

II  h  would  represent  approximatively  the  specific  heats  of  the 
I  -i-s  in  qnestiou  ;  making  the  time  occupied  by  water  iu  cool- 
.:,  the  unit  of  comparison,  or  i, 

I^Yoisicr  and  Laplace  determined  the  speciBc  heats  of  a 
irty  of  Bubstaof^es,  bf  ascertaining  the  quanUty  o^  ice '«\v\<J^ 
^!  <reights  of  the  different  bodies  were  able  to  me\V  \ii  ^^J^Xviu^  I 
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from  the  temperature   of  212"  to  that  of  32°,     Thi« 
excellent  in  principle,  but  in  practice  the  difficulties  which  uttend 
it  render  the  results  inacexirate. 

The  following  table  gives   a   few  of  the   results  of  Rcfnuh 
upon  spectlic  heat,  obtained  by  the  process   of  mixture  or  immaw^ 

Specific  Heals  of  Ei/aal  Weightt  between  32"  and  1 


\ 


Water  .... 
Oil  of  Turpentine 
Charcoal    .     .     . 

Glas 

Iron     .... 


I  'ooooo     Brass o'0934i 

0-42593     Silver 005701 

0-24 150     Tiu o-ojfiy 

O"  19768  Moreury    ....  003331 

011379  Platinum  ....  003143 

Zinc 009335   I  '^°^*1 O'03i44 

Copper       ....     0093J5   [  Lead 003140 

Any  circumstance  which  alters  the  relative  distances  betmo, 
the  particles  of  which  a  body  is  composed,  at  the  same  time 
its  specific  heat.  Klechauical  compression  sufficient  to  produce  A 
permanent  alteration  in  density  is  attended  by  a  corresponujig 
decrease  in  specific  heat; — For  instance,  the  specific  heat  of* 
piece  of  soft,  welt  annealed  copper  was  found  to  he  from  o'ogsol 
to  009455  ;  *''^  same  copper, after  hammering,  had  a  specific ' 
of  from  00936  to  00933 !  on  being  again  thoroughly  annealed,* 
Hs  to  recover  its  former  density,  its  specific  heat  whs  from  0*0949 
to  009479,  or  almost  exactly  the  same  as  at  fir&t.  To  this  i&a 
nution  of  specific  heat  by  compression  may  be  partially  due  ll 
heating  of  eukl  metallic  bars  observed  during  the  operatioti 
rolling;  they  become  denser,  and  consequently  have  less  capacil! 
for  heat. 

In  like  manner  the  sudden  compression  of  aeriform  bodiei 
attended  with  the  evolution  of  a  very  large  amount  of  heat,  wl 
may  even  riae  high  enough  to  ignite  tinder  and  other  influni 
substances.     On   rarefying  air  the  opposite  cfTecta  are  ol 
One  evidence  of  this  fact  is  afforded  by  the  mist  which  is 
within  a  gla.<>s   receiver  while  it   is  undergoing  exlianstioa. 
first  working  the  pistons   of  the  air-pump,  the  sudden  expni 
deprives  the  moisture  which  all  air  eontain!i,  of  part  of  the 
necessary  for  its  existence  in  the  gaseous  form,  and  it  condenaea 
minute  drops,  which  speedily  evaporate  again  as  the  equilibriumi 
temperature  is  restored.     If  coinpressed  air  be  allowed  to  ei 
suddenly,  by  escaping  iiitu  the  atmosphere,  a  similar  phcnomcDotf 
w  produced  ;  a  demaud  for  the  heat  -wWU  tte  air   had   Iwt  il  ' 
compression  suddenly  ftriacs,  ai\i  mowWae  \a  i«>jQKv\«A  ». 


f  OF   TEMFEEATURE    WITB    ALTITUDB. 


wTbae  Acts  iriU  euable  ua  to  uaderstaud  the  general  distribu* 

n  of  tcni[icr3ture  in  any  vertical   column   of  the  atmosphere  of 

It  globe.     If  the   atmosphere,  without  being  altered  in  weight 

■  quantity,  could  be  reduced   to   a  stratum   of  unifarm  density 

HDUglioQt,  with  a  uniform  temperature  of  80° ;  it  would  extend 

ilieiglit  of  about   a8,ocx5  feet.     Now  if  this  air,  throughout 

ttr  entire  thickness  of  the  stratum,  suddenly  took  the  adjustment 

<)ae  to  its  elasticity,  the  temperature  would  fall  in    every  part  of 

UiKcohimn,  (except  at  its  base,  where  it  would  remain  stationary,) 

12  consequence  of  the  alteration  in   the  capacity  for   heat    of  the 

Misled  air  ;   at  15,000  feet  it  would  be  about  32°,  and  at  30,000 

^L'l  it  would  be  about— 30°.     Owing  to  the  cause  just  explained, 

■:  [irggressive  diminution  of  the  temperature  is  experienced,  as  the 

-Iiimde  of  the  observer  above  the  surface  of  the  earth  increases; 

■nil  this  depression   of  temperature  is  such,  that  even  in  tropical 

^iiiiiiles,  the  summits  of  lofty  mountains  are  always  croivucd  with 

■iijir.     The   limit  of  perpetual  snow  gradually  descends  (subject, 

!  >«erer,  to  irregularities,  from  local  causes)  towards  the  level  of 

M  tea,  according  as  the  place   of  observation  approaches  towards 

iiluT  pole.      A  blast  of  cold    air,  therefore,  in  descending  from  a 

-ii'ij'  height  would   have   its  temperature  elevated   by  the  mere 

iiiiicnsation  which  it  experiences  as  it  approaches  the  surface  of 

Jt  gbbc,  without  any  supply  of  heat  from  extraneous  sources; 

-mi  the  danger  arising  from  its  chilling  influences  would  be  thus 

.:JHily  and  etfectu ally  averted.     Observations  have  shown  that  the 

...irage  depression  of  temperature  in  ascendiug  from  the  sea  level 

^—jiuuuats  to  1°  F.  for  every  300  feet;  and  the  following  table  is 

^■|MI  by    Daniel]  {Meteorology,  vol.  i.  p,  41)  as  an  approximative 

^^Knate  of  the  distribution  of  heat  in  the  atmos])herc  due  to  this 

^^^kt  supposiug,  as  indicated    in    the    second    column,    that   the 

^^Btl  temperature  of  80°,  is  that  of  the  surface  of  the  earth  near 

^^^Bquator,  and  that  the  initial  temperature  of  0°  F.  indicated  in 

^Hpthird  column  is  that  towards  the  poles. 

I        Deer. 


Decrease  0/  Temperature  in  the  Atmosphere  from  Elevation. 


AltilHili  in  FihI. 


30P°o        /        —307 
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In  proportion  as  the  temperature  of  a  substance  rises,  ifi 
specific  heat  gradually  increases :  owing^  probably^  to  the  increase 
in  the  bulk  of  the  body  if?ith  the  rise  of  temperature^  and  to 
the  augmentation  of  the  space  between  the  molecules  of  the  heated 
substance.  This  increase  in  the  specific  heat  with  the  rise  of 
temperature  may  be  seen  by  examining  the  annexed  table : — 

Rise  of  Specific  Heat  with  Rise  of  Temperature. 

{Dulong  and  Petit.) 


SubiUnce  used. 


Mercury 
Platinum 
Antimony 
Silver 
Zinc   .     . 
Copper   . 
Iron   .     . 
Glass. 


Fromja^to 
aia»  F. 


0*0330 

0-0335 
00507 

0-0557 
0*0927 

0*0949 

01098 

0*1770 


From  ja"  to 
S12*>  F. 


0*0350 
00355 
00549 

o'o6ii 
0*1015 

O'lOIJ 
0'12l8 

0*1900 


(161)  A  body  in  the  liquid  state  has  a  higher  specific  heat 
than  the  same  substance  when  it  is  in  the  solid  form.  This  is 
remarkably  shown  in  the  case  of  water^  in  which  the  specific  heat 
is  double  that  of  ice.  Contrasting  together  the  specific  heats,  as 
obtained  for  the  following  solids,  by  Regnault,  with  the  numbers 
obtained  by  Person,  {Ann.  de  Chimie,  III.  xxi.  333,  and  xxiv.  136) 
for  the  same  bodies  when  liquefied,  the  amount  of  this  difference 
will  be  seen  to  be  liable  to  great  variation : — 

Specific  Heat  of  the  same  Substances,  both  in  the  Solid  and  in  the 

Liquid  State. 


SoUd. 

Idqoid. 

Sabstance. 

8p.  Heat. 

Temperature  ^F. 

Sp.  Heat. 

T(  mpcratore  ^F. 

JIC8     .      ■      ■     « 

Nitrate  of  So( 
Nitrate  of  Pot 
Sulphur     .    . 
Phosphorus    . 
Bromine    .    . 
Tin  ...    . 
Iodine  .    .    . 
Lead     .    .    . 
Bismuth    . 
Mercury    .    . 

la! 

ash 

0-5050 
0-2782 
0-2387 
0*2026 

o-ijf88 
0-0843 
0-0562 
0*0541 
0*0314 
00308 
0*0319 

hetween 
—22  and   32 
32  and  212 

ft 

6  and   45 

— 108  and  — 4 

32  and  212 

i> 

%9 

1*0000 
0-4130 

0-3318 
02340 

0*2045 

o'io6o 

0-0637 
0*1082 
0*0402 
00363 

00333 

between 

32  and    68 
608  and  806 
662  and  815 
248  and  303 
122  and  213 

10  and  118 
482  and  662 

not  stated 
662  and  842 
536  and  716 

32  and  aia 

Of  all  solids  and  liquids  ^atec  \a  IeYaX  ^Yas^  \oiMM«i^  ^Iml 


llrt  of  specific  heat.     Tiiis  circuinatance  contributes  in 

d^rec  towards  nioderatiTig  the   ra|>i(lity  of  transitions 

fceat  to  colli,  or  from  cold  to  lieat,  owing  to  the  targe  ((uau. 

beat  which  the  ocean   absorbs  or  emits  in  accommodating 

to  the  variatious  of  estenial  temjieratiire.     Mercury,  on  the 

hand,  has  a  veiy  low  specific  heat,  which  much  enhances  its 

'"ability  to  chaugeti  of  temperature,  and  increases  its  fitness  for 

:  itometric  piuposes. 

The  determination   of  the  specific  heats  of  gases  and  vapours 

I'tcndcd  with  unusual  difficulties,  and  the  earlier  researches  on 

-uhject,  though  conducted  by  many  philosophers  distinguished 

■  I'Aperimcntal  skill,  gave  discordant  and  unsatisfactory  results. 

Regnault,  taking  the  specific  heat  of  an  equal  weight  of  water 

uthc  unit  of  comparison,  finds  that  of  air  to  be  =  0-2377,  and  he 

fitcs  tlie  following  numbers  as  the  results  of  his  investigation  upon 

At  ippcific  heat  of  various  gases  and  vapours,  and  they  are  probably 

w«er  the  truth   than  any  others  hitherto  obtained.  —  [Comples 

Smdut,  xxsvi.  676.) 

Specific  Heat  of  Gasea  and  Vapours. 


Sulpb  united  Hydrogei 


Chloride  of  Ethyl 
Bromide  of  Ethyl 
Sulphids  of  Ethyl 
Cy&nide  of  Ethyl 
Chlarofarm. 
Datcb  Liquid  . 
Acetic  Ether     . 

Oil  of  Turpentine 
Terebloricleof  FboBphc 


■61170- 
■67770- 


o-'o6, 

0-1346 

r  to  the  experiments  of  Regnault,  the  specific  heat  of 
s  is  not  materially  altered  by  change  of  temperature ;  the 
E  heat  of  a  given  weight  of  any  gaa  is  also  constant,  whatever 
KIm  the  variation  of  density  which  it  experiences.  These 
Htoua  are  in  direct  oppusitiou  to  those  of  Deloroche  and 
nird  upon  the  same  points,  and  need  confirmation. 
An  imiiortant  relation  between  the  specific  heal  of  an  ele- 
Ury  body  and  its  chemical  equivalent,  or  the  proportion  in. 
ith  ii  enters  into  coaibioatiou  with  a  fixed  quauUl^  ot  o-s.'ji'it'a.. 


DlSArrEAllANCK    OF    HEAT   DOKING    LI 

X  

_.i  pointed  out  by  Dulong  and  Petit,  from  which  H  nppeon 
it  the  specific  beat  of  a  body  in  the  solid  state  be  mu!ti|ilicd  in 
the  chemical  equivalent  of  the  same  body,  it  gives  a  number  wliii 
(allowing  for  errors  of  experiment)  coincides  almost  exactly  wi 
the  product  obtained  by  multiplying  together  the  specific  heat  ai 
the  equivalent  of  any  other  elementary  substance.  This  sulij«i.^_ 
however,  will  be  more  advantageously  examined  hereafter.    (147J 

Latent  Heat. 

(163)  Disappearance  of  Heat  during  Liquefaction. — Wla 
matter  passes  from  the  solid  into  the  liquid  state,  or  from 
liquid  into  the  aeriform  state,  lieat  in  lai^e  quantity  disaj 
and  ceases  for  the  time  to  affect  the  thermometer;  hencp,  itdt 
modificatiou  of  best  is  called  latent  heat.  For  example,  wijoi  t 
lump  of  ice  at  33°  is  brought  into  a  warm  room,  it  gmiiuallf 
thava  and  ia  converted  into  water ;  but  neither  the  ice,  nor 
water  iu  contact  with  it  rises  id'  temperature.  So  long  as  Uf^ 
portitfn  of  the  ice  remains  uimieltcd,  the  waicr  continues  to  tu 
cate  the  tcmj)erature  of  31°,  as  docs  also  the  ice.  Again,  &  poi 
of  water  at  212°,  mixed  with  a  pound  of  water  at  32"  gi»ca' 
pounds  of  water  at  12X°,  which  ia  the  mean  temperature;  but 
pound  of  ice  at  32°,  mixed  with  a  pound  of  water  at  212°,  gi* 
two  pounds  of  water,  of  which  the  temperature  is  only  51", 

In  this  caiie  the  water  has  lost  idi°,  whilst  the  ice  has  g»i 
only  19°;  so  that  142°  have  disappeared,  or  have  become  lat^C 
Thus,  in  order  to  convert  a  pound  of  ice  at  32°  into  water  at  y^^ 
heat  sufficient  to  raise  142  lb.  of  walcr  from  33°  to  33°  is  nceJc^ 
Water,  therefore,  may  be  regarded  as  ice  iu  combination  with 
certaiu  quantity  of  heat.  This  beat,  however,  is  not  lost,  fofK 
the  progressive  cooling  of  water  be  observed  in  an  atmoyphi 
many  degiecs  below  the  freezing  point,  it  will  be  fuund  that  L 
temperature  of  the  liquia  sinks  regularly  until  it  reaches  31*  *\eA 
it  becomes  stationary,  and  freezing  begins ;  the  heat  being  01^ 
plied  from  that  which  is  latent  in  the  water.  As  aoon  at  ti 
whole  has  become  solid,  the  thermometer  again  ebowa  that  ti 
temperature  of  the  raass  sinks,  until  at  length  it  reachea  thit< 
the  surrounding  air.  Some  idea  of  the  quantity  of  heat  tlitt 
required  to  convert  ice  into  water,  without  any  apparent  riae  ' 
temjierature,  may  be  formed  from  the  fact  that  the  simple 
sion  of  a  cube  of  ice  three  feet  in  the  side  into  water  at  3^ 
would  absorb  the  whole  heat  emitted  during  the  combutlioa  of 
bushel  of  coal.  (Faradaj.')  I'ouiWct  Ivas  calculated,  that  thn  wliol 
of  the  heat  of  the  sun's  t&\»  '«\i«;V  ^li^  'iVCfa  -OftSL  ^-c^iRtt  A  ^ 


LIQUEFACTION. 

oTtwelre  months,  would  be  expended  iu  mcltiug 
coveted  llie  entire  surface  of  the  globe  for  a 

mount  of  beat  latent  in   water,  which  is  given 

,  furnishes  &  source  of  heat  of  the  greatest  value 

f  Ae  severity  of  any  suddeu   setting    in  of  frost, 

f  act  of  freezing  moderates  the  effect  of  the  depression 

tture  on  surrouuding  objects,  aud  renders  the  transition 

to  cold,  and  of  course  the  converse  from  cold  to  heat, 

dual  aud  uniform.      Another  very  important  purpose  is 

'  by  this  gradual  liquefaction  of  ice :  but   for  this  con- 

the  ice  that  had  accumulated  during  a  long  winter  would 

first  breeze  from  the  south  he  instantly  converted  into 

bd  sweep  before  it,  not  merely  the  habitations  of  man  and 

Bits,  but  trees,  rocks,  and  hills.    Such  feaiful  catastrophes 

bd  then  occur,  when  a  volcano  such  as  Etna  pours  forth  a 

[  tava  over  its  snow-clad  sides ;  the  flood  that  then  ensues  is 

e  destructive  than  the  fiery  torrent  itself.     The  latent  heat 

■  is  greater  than  that  of  any  other  body,  but  in  all  cases 

Q  there  is  a  similar  disappearauce  of  heat ;  the  quantity 

onies  latent  varying  with  the  nature  of  the  substance. 

1  {Ann.  de  Chimie,  III.  xxi.  333,  and  sxiv,  26j)  hasde- 

.  tli€  latent  heat  absorbed  during  the  fusion  of  a  consider- 

'  of  bodies,  and  be  coucludes  that  the  latent  heat  of 

Dbtsined  by  multiplying  the  difference  between  the  specific 

e  subetance  in  its  liquid  and  its  solid  form  by  a  number 

by  adding  the  number  256°  (nn   experimental  constant 

by  researches  upon  the  latent  beat  of  water)  to  the  meit- 

"¥.  of  the  substance  in  question.* 

Table  of  Latent  Heat  of  Liquids. 


Witer 

Nitrate  of  Soda   ,     .    . 
Nitrate  of  Potwli     .    . 

Zino 

Silver 

Cadniinm    '.'.'.'.'. 
Biamulh 

»';  :  :  :  :  : 

Pht^phorua     .... 
Memiry 

•p. 

W.l«r=.. 

"3'34 
a4'44 

'in 

5" 

1000 

O-704 
0-598 

o'afis 
o''79 
0171 

0067 
0063 
0035 

tbe  hteat  heat,  J  the  dlB'creiice  ot  Oio  *fw\Sx<:  Iwial  m\.Vc\i.i^ 
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The  numbers  in  the  second  column  of  the  taWe  reprcseni 
number  of  degrees  of  temperature  ihat  an  equal  weight  uf  nMi 
would  be  raised  by  the  pas^sagc  of  each  of  the  bodies  enumereu 
irom  the  liquid  to  the  solid  state,  or  they  may  be  taken  ta  tl 
number  of  pounds  of  water  that  would  be  raised  i"  of  Fahrenbe 
by  the  heat  emitted  during  the  congelation  of  one  pound  of  eac 
of  the  substances  included  in  the  table. 

{163)  Freezing  Mixtures. — The  chemist  avails  himself  of  tl 
fact  that  heat  disappears  during  liquefaction,  for  the  purpose  1 
procuring  artificial  cold  :  the  actiou  of  freezing  mixtures  depew 
upon  this  principle.  Many  salts  while  undergoing  solution  pn 
duce  a  very  considerable  reduction  of  temperature.  For  exacoph 
4  ounces  of  nitre  and  4  of  sal  ammoniac,  each  in  fine  powdc 
when  mised  with  8  ounces  of  water,  reduce  the  thermometer  fro 
50"  to  10°.  Equal  parts  of  nitrate  of  ammonia  and  water  rcdui 
the  temperature  from  50°  t04°.  So,  likewise,  equal  parts  of  watt 
of  powdered  crystallized  nitrate  of  ammonia,  and  of  carlwna 
of  soda  also  crystallized  and  in  powder,  effect  a  reduction  from  y. 
to  — 7".  The  solution  of  crystallized  sulphate  of  soda  in  ton 
mercial  hydrocbloric  acid  is  also  attended  with  a  rapid  reducba 
of  temperature.  This  mixture  is  employed  in  the  CommoD  r 
frigerators,  5  parts  of  the  acid  being  poured  upon  8  parts  of  the  si 
reduced  to  powder :  the  temijerature  may  thus  be  reduced  frol 
50°  to  c°. 

The  most  convenient  mixture,  however,  when  procurable,  cm 
sista  of  2  parts  of  pounded  ice  (or,  better  still,  of  fresh  snow)  at 
I  part  of  common  salt.  A  steady  temperature  of  —4"  P.  cu  1 
its  means  be  maintained  for  many  hours.  Again,  a  mixture  of 
parts  of  crystallized  chloride  of  calcium  aud  2  of  snow  will  prodn 
a  cold  sufficient  to  freeze  mercury  :  if,  before  making  the  miitui 
both  the  vessel  in  which  the  experiment  is  to  be  performed  and( 
chloride  he  cooled  to  32°,  such  a  mixture  will  cause  a  thennooiB 
when  plunged  into  it  to  fall  10—50°. 

Even  during  the  liquefaction  of  a  metallic  alloy  by  quicksili 
the  same  fact  is  observed :  thus  an  alloy  may  be  formed  bj 


sn^l  in  the  floHd  stale,  t  the  mcltioi:  point  oa  P 
]ie&l  may  be  calculated  \ij  tiie  formula 

{256  +  f)i=l. 
The  rrsiilta  obtained  wjtlt  the  niotalt  do  ti<  ' 
M  tliP  diffi'fernM.'  of  thi'ir  Kpoeilic  livol"  in  ih' 
(riditift ;  but  Tor  olhor  bodirs  the  rrsiilt  imiU  l< 
with  that  fiimishoil  tij  ^xperimimt.  If Prni<Ti 
vbich  /in  tnj{i'niou»Ij  drftiti  ttom  it  i».  vHw  lU>: 
would  M  at—  »56*  If, 


CONSTAXCY   OP    TIIC    MELTING    POINT.  S 

207  parts  of  lead,    118  parts   of  tin,  and  208  parts  of  ] 
if  Hiis  be  granulated,  by  pouring  it,  when  melted,  into  [ 

laav  be  dissolved  in  1600  parts  of  mercury,  and  will  cause  J 

>incter,  if  immersed  in  it,  to  sink  from  63"  to  14°. 

.  oiring  to  this  absorption  of  heat  during  the  liquefoction  \ 

,  that  not  only  in  the  melting  of  ice,  but  in  the  much  ] 

Muperatures  required  for  the  fusion  of  many  of  the  metals, 

peratnre  remains  stationary  so  long    as    any   portion  of 

nains  uiimelted ;  tlie    escesa  of  heat  is  transferred  to    I 
lelted   solid  by  conduction,   and   is  rapidly  absorbed  by 
;  its  liquefaction. 

following   table    contains    the    temperatures    at    which 
ubstaiices,  nietailic  and  non-metal  lie,  enter  into  fusion  : — 

Table  of  Fusing  Points. 


]tnt«  of  Potash , 


HutoLins 
Kegnault 
Pierre 

Sch  rotter 
Re^niaulb 

Beg  Haul  t 
Gay  Lusaac 


point  of  a  mixture  of  analogous  bodies  is  often  con- 
'  below  that  of  its  separate  components.  Thus  alloys 
Fc  a  melting  point  much  below  that  of  any  of  the  metals 

iter  into  their  formation,  as  is   5ccn  in  the  case  of  fusible  | 

It  has  long  been  practically  known  to  the  glass  maker  and  i 

lIurgiM  that  mixtures  of  various   silicates  fuse  at  a  tern-  | 

fer  below  that  required  to  melt  any  of  them  alone.     A  | 

of  fusibility  is  observed  when  many  of  the  chlorides  | 
together  before  exposing  them  to  \iea.t.       K  wiv■sX^i■te  tilj 


^ 


¥  or    THE    MELTrXO    POINT. 

etiiiivalent  quantities  of  carbonate  of  go(Ia,  and  carbonate  of 
melts  below  the  fusing  point  of  either  salt  separatply,  and  is  oftw 
used  to  effect  the  fusion  of  siliceous  minerals  in  analysit.  Schafl 
gotsch  found  that  acetate  of  potash  melts  at  558",  acetaW  of  soda 
606",  but  a  mixture  of  the  two  salts  in  equivalent  proportions  fus 
at  435°-  In  lil(e  manner  nitrate  of  potash  melts  at  642°,  nitniie 
soda  at  591'^,  but  a  mixture  of  the  two  salts  in  equivalent  propoi 
tiona  liquefies  as  low  as  429°  or  163°  below  the  melting  poll 
of  the  most  fusible  of  the  two  salts. 

The  melting  point  of  ice  is  perfectly  stationary*  at  32";  bl 
water  which  contains  salts  in  solution  has  a  lower  point  of  cm 
gelation.  Sea  water,  for  example,  freezes  at  27°'4,  the  salt  scpant 
ing,  and  pure  water  floating  in  the  form  of  ice ;  vhilst 
which  is  saturated  with  sea  salt  sinks  as  low  as  — 4°  before  freeziii| 

In  the  process  of  freezing  as  it  usually  occurs  in  nature  the 
of  solidification  goes  on  not  continuously,  but  in  successive  Uycn 
and  in  the  intervals  between  these  layers  is  a  stratum  of  ice  slight! 
more  fusible  than  the  mass  either  above  or  below.  This  ia  \Kta 
tifuUy  seen  by  placing  a  block  of  homogeneous  transparent  ic 
such  as  that  from  the  Wenham  Lake,  in  the  sun's  rays  after  001 
centrating  them  by  a  large  convex  lens.  Immediately  that  thi> 
done,  the  interior  of  the  mass  becomes  filled  with  little  flown 
shaped  figures,  each  flower  having  six  petals,  evidently  compcxc 
of  water,  while  in  the  centre  ia  a  spot  which  shines  with  metall' 
brilliancy,  and  which  looks  like  an  air  bubble,  but  is  really  a  s|)i 
filled  only  with  aqueous  vapour,  and  produced  in  consequence 
the  circumstance  that  water  occupies  a  smaller  bulk  than  thei 
'which  famished  it.  These  little  flowers  occur  in  horizontal  plu 
parallel  to  the  surface  of  congelation. + — (Tyndall,  Phil.  Tm 
1858,  230,}     Faraday  has  suggested  what  seems  to  be  a  very 


•  Prof.  W.  Thomson  ilBites,  that  in  confirniation  of  the  rppnlts  antiraj 

from  a  mathenmlical  investigation  made  by  his  brother,  •in'^  ■ i.., ..;,.. 1 

the  Royal  Society  of  Edinburgh,  January,  1850,  be  SdJ-'  >  ' 
the  freezing  point  of  water,  a  liquid  which  expandt  at  t\\. 
Ution,  is  loicered  to  a  minute  but  measurable  eit^iit  bv  !■ 
preuure.    Some  preliminary  experiments  showed,  that  r  r 
atmosphBrBB,  the  point  of  congelation  was  lowered  o^'iCi  V.  .  h\  a  yre 
of  |6'8  atmospheres  it  was  reduced  o°'i32.     Unnnen.fin  t,lii>i>t.lnii-'liimii,  i 
the  melting  point  of  paraSin  and  of  spcrmncvti  to  be  railed  by  itiomd 
the  pretBure.     Spermaceti,  for  instance,  solidifivd  at  1  l^''■g  nndrr  tha  ill 
■phcrio  pressure,  but  under  a  prua^iire  uf  iy>  atniuaphores  it  anlidifltd 
I33°'6i  both  thesn  bodies  nmtraet  nt  the  raomenl  c f  so! idiC ration,  MtJiSi^^ 
licen  itDticipnt«d  by  Thoroaon,  tli^r  nicitinf;  point  vrar,  riiutd. 

t  In  oerlaia  exceptional  curs  this  parslldiiiro  is  disturbed.  Foaaibly 
najr  be  dae  to  the  brcakin);  up  of  tho  urigiaal  &ov,  and  comolidaUua  01 
fragments  imgulaTly,  by  subiequent  tege^tAOO. 


W  BEGELATION    OF    ICE, 

'■V,  explnnation  of  these  successive  planes  of  freezing,  viz.,  the 
:iratian  of  saliue  particles,  fr'om  each  layer  of  water  as  it  ia 
•i-n,  (68)  so  that  the  salts  accumulate  below  the  stratum  first 
Lu,  ai)d  form  a  very  dilute  aaliue  solution,  the  freezing  poiut  of 

.  eh  i«  a  fraction  of  a  degree  below  that  of  pure  water;  this  thin 
iiiitn  when  frozen  furnishes  a  layer  of  ice  more  fusible  than  the 
' :  a  fresh  layer  freeaea  beneath,  gradually  excluding  its  saline 

ttides,    which   again   accumulate  below,  forming   a  fresh  more 
iljlcUycr,  and  soon  successively. 
(163  «)  RegeJafion  of  Ice. — It  was  remarked  a  few  years  ago  by 

^nday  that  when  two  pieces  of  ice  at  32°  with  moistened  surracea 
placed  in  contact,  they  freeze  together,  and  manifest  the 
liomcnon  thence  designated  as  the  regelalion  of  ice;  whereas, 
Jill-  surfaces  be  dry,  they  do  not  cohere.     It  is  owing  to  this 

:  iimstauce  that  during  a  thaw  the  particles  of  snow  cohere  firmly 
I  a  solid  lump,  whilst  during  a  frost  there  is  difficulty  in  forming 

I   dry  particles  into  a  c(»nipact  mass.     This  regelation  of  ice 

orf-'ir  when   the  surfaces  of  the  blocks  are  in   coutact  even 

,'1  x\x.  external  air  may  be  at  a  temperature  of  80°  or  90". 

■  ■■I  -cliiis,  as  flannel,  hair,  or  cotton,  will  freeze  to  ice  even  in 

■t:.u  ;.tiaosphere,  though  others,  such  as  saline  substances,  gold 

•1  and  the  metals  will  not  thus  freeze  to  it.  Tyndall  has  followed 
ihfse  observations,  and  made  some  interesting  esperimeuts, 
1  tleductions  from  them.      He  took  a  sphere  of  transparent  ice, 

il  [ilftced  it  under  a  small  hydraulic  press  between  two  pieces  of 

■■>-H-ood  hollowed  out  so  as  to  form  a  flattened  lenticular  cavity. 

:.i'  iee  broke,  hut,  on  continuing  the  pressure,  it  froze  again,  and 

■  leu  than  a  min\ite  was  converted  into  a  flattened  transparent, 

lic-ular  mass.       This  mass  was  in  its  turn  placed  in  a  shallow 

r.idrical   cavity  of  boxwood   and   again    submitted   to  pressure, 

-    n  il  was   crushed   and  became  reduced  to  the  form  of  a  flat 

i^panrnt   cake;  and  this  again  was  placed  in  a  hemispherical 

■  i  '-y  in  the  wood  and  subjected  to  the  pressure  of  a  hemispherical 

■:;;  which  fitted  the  cavity ;  a  third  time  it  waa  crushed,  and  after 

''-"  seconds  it  froze  again  into  a  transparent  cup  of  ice.*      Tyndall 


Tliew  obiervatiuue  lisve  been  ingenionslj  applied  by  Tjudall  to  account 

II-  nifiiuD  of  eiucien,    Tbese  frozen  rivers  of  ice.  ia  descending  from  the 

'fM  BJiltia,  rontiUntW  have  to  force  their  way  through  contracted  gorjics 

'ihil  eraduaUy  flow  onwards,  meltin);  away  at  their  base,  whilgt 

of  leo  BTO  forced  doivnwBrds  from  tbo  upper  regions  of  the 

^   the  weight  of  the  superincumbent  ice.     It  was  Mcertained  by 

I    : '    1  orbea,  in  astnieB  of  beautiful  observatioDa,  thalduringtlui  deacQn\. 

hnjQxh  itjf<ih*uuri,  rlieeen(raijiortioiiHotOieTnwftmOTeimcft« 

tbjui  thoportiont  oa  He  sidt's:  and  Le  likened  Ibc  ttowU*  t,\\o  iesceuX.  oV» 


1^ 


I 
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considers  that  upon  the  theory  that  heat  is  the  result  of  vihratorj 
motion,  the  liqucfactioa  of  ice,  when  perfectly  homogeneous,  mui 
necessarily  take  place  more  easily  upon  the  surface  than  withii 
the  mass;  and  conversely  the  freezing  of  a  ihiu  layer  of  » 
between  two  masses  of  ice  should  occur  more  readily  than  upoatl 
surface  of  a  single  mass,  and  hence  he  attempts  to  account  for  r 
gelation.  The  e^tplanation  appears  however  to  be  inaufficieut 
cilice,  if  true  for  ice,  it  should  hold  good  for  all  substances  eoUdtfy' 
iiig  after  fusion,  when  two  portions  of  the  solid  are  brought  ioK 
contact  beneath  the  still  liquid  mass ;  and  it  oflers  no  explatutin 
of  the  freezing  of  ice  to  flannel,  which  apparently  is  due  to  the  bu 
cause  as  the  freezing  of  ice  to  ice.  It  has  been  supposed  that  ti 
masses  of  ice  are  colder  within  than  at  the  surface,  and  hence  tfc 
regelation  is  the  result  of  the  absorption  of  heat  by  the  intern 
portions.  Tyndall  has  however  proved  conclusively  that  this  lijptt 
thesis  is  at  variance  with  facta,  and  is  indeed  impossible  from  if 
conducting  nature  of  ice  itself.  The  ingenious  theory  of  Jam 
Thomson,  that  regelation  is  due  to  the  lowering  of  the  frecnni 
poiiit  by  the  mutual  pressure  of  two  masses  of  ice,  and  thiit  tin 
absorption  of  beat  due  to  this  liquefaction  freezes  the  cooligwitil 
layer  of  water,  is  also  quite  inadequate  to  account  for  tbee 
even  if  pressure  were  a  necessary  element  in  effecting  r 
At  present  therefore  the  phenomenon  needs  further  elucid 

(164)   Evolution  0/ tli-al  during  Solidijtcalian. — Whei 
return  to  the  solid  form,  their  latent  heat,  or  heat  offltd 
is  sometimes  called,  is  again  given  out.     Water,  if  undJ 
may  be  cooled  down  in  a  narrow  tube  even  20°  below  thsa 
]ioint  without  congealing ;  but  the  least  agitation  CAUsea  a  5 
to  solidify  suddenly,  and  the  latent  heat  emitted  at  the  momentbg 
the  portion  which  freezes   raises   the   temperature  of  the  who 
mass  to  33°.     Melted  phosphorus,  as  well  as  acetic  and  sulpbi 
acids  and  several   other  substances,  admits,  like  water,  of  I 
cooled  down  several  degrees  below  its   point  of  solldificatu 
if  agitated,  or  if  touched  with  a  portiou  of  its  own  substM 
the  solid  form,  it  immediately  solidifies  with  evolution  of  b 

A  similar  extrication  of   beat  occurs  when  a  sup< 


IS  liquid,  and  propounded  what  hu  hwa  known  u  the  viseoiu  I 
of^lui'itt  luolion.    ViscoBitj.  liow«vcr,  is  out  *  prviporty  wbirli  i*  nUU 
hr  tea  ;  and  lyDdslI  {Phil.  Tram.,  1S57)  bu  ihorD  th*t  nil  the  nhcnomfllj 
MgUoier motion  ore  acciiraloly  aocouiili-d  for  by  tlu»  proeesi  of  a 
'~    ffiiwo^ui.-ijt  rrgctaticin into  solid  troiuparaal  ion. 


1  of  salpliate  of  soda  (70)  is  made  to  crjatallize  sucfdenly 

Station,  tbe  mass  becooiiug  sensibly  warm  to  the  hand.     Tlie 

:&tiou  of  metallic  bodies  is  attended   v'lih  a  like  cvolutii 

I  fluid  alloy  of  sodium  and  potassium  may  be  easi 
Ity  kueadiug  tbe  two  metals   together;  with  mercury  tl 

II  solid  amalgam,  and  in  the  act  of  uniting  with  it  they  ei 
Kent  beat  to  set  fire  to  the  naphtha  that  may  be  adhering 
surfaces. 
B6j]  Diiappearance  of  Heat  during  the  Formation  of  Vapi 

the  change  from  the  liquid  to  the  gaseous   state,  the  disap- 

pee  of  heat  is  found  to  occur  to  an  extent  still  greater  than  in 

ner  cases.      A  vessel  coutaining  water,  such  as  the   boiler 

^mmon  still,  placed  over  a  source  of  heat  which  ia  tolerably 

\  temperature,  receives  in  equal  times  nearly  equal  acces- 

§of  heat ;  the  water  at  first  rises  steadily  in  temperature,  but 

pgth  the  water  boils,  and  the  thermometer  becomes  stationary  ; 

latter  how  much  the  heat  be  urged,  provided  that   the  steam 

lowed  to  escape  freely,  tbe  temperature  of  the  boiling  liquid 

t  be  raised  boyoud  a  certain  point :  if  the  vapom-  he  made  to 

through  the  worm  of  the  still,  which  is  cooled  by  immersion 

,  the  steam  will  transfer  part  of  its  heat  to  the  water  in 

nndenser,  which    rapidly  rises   in   temperatui'e,  wliilst  tbe 

■  returns  to  the  liquid  form ;  but  the   quantity  of  water 

s  nused  in  the  worm-tub  to  nearly  212°  ia  very  much  greater 

Ktb£  quantity  that  is  condensed  into  the  form  of  liquid  in  the 

r  of  the  still. 

B  large  amount  of  latent  heat  contained  in  steam,  readers  it 
ibic  to  use  steam  as  a  convenient  and  economical  mode  uf 
BJng  buildings   and  apparatus   which    do   not   require  to  be 

II  temperature  beyond  that  of  boiling  water.     In  practice 
found  convenient  in  warmiug  a   building  which  ia   used  for 

;  purposes,  to  allow  one  square  foot  of  radiating  surface  in 
i-pipe  for  every  200   cubic   feet  of  space  to  be   heal 
I  estimate,  however,  ia   liable   to    modification,    because 

r  the  extent  of  radiatiug  and  conducting  surface  exposed 
Irindows  in  proportion  to  the  cubic  contents  of  the  apartmt 
|be,  the  more  rapid  is  the  loss  of  heat. 
[lie  maintenance  of  a   steady  temperature  which  canuot 
',  is  often  required  in  the  laboratory  in  the  prosecuti 
'  (inous  inquirieSj  especially  in  such  as  relate  to  organic  che- 
!i*trr,  and  for  this  purpose  a  small  steam  bath,  such  as  is  rcpre- 
12,  is  extremely  useful ;  it  may  aVaobtt  em'^o-^*^ 
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EBCLLITION. 

'  assist  tn  efffecting  the  filtration  of  liot  liquids,  wTiere  it  is  iriifllirJI 
taut  to  mainlaiii  their  liigh  temperature.     lu  drying  oi^anic  e 
stances,  a  kiud   of  double  oven,  or  hot  closet,  muile  of  copper,  i 
exhibited  at  a,  is  a  convenieut  mode  of  applyiug  heat ;  the  iiiiet- ' 
vol  between  the  iuternal  and   externnl   plates   of  copper  is  filled  1 
with  water  which  is  heated  by  the  gas  Baiue  below  ;  if  a  higbe 


temperature  than  this  be  required,  the  iiiter\'al  may  be  filled  witt 
oil ;  the  temperature  in  the  latter  case  may  he  regulated  by  a 
thermometer,  introduced  at  a  ;  at  A  is  a  tube  for  the  i 
vapour ;  this  tube  commuuieates  with  the  dr)'iDg  chamliei 

(166)  Eballition. — The  gradual  absorptiou  of  ficat  in  the  pu^^ 
e^e  from  the  liquid  to  the  gaseous  state  is  not  less 
the  comfort,  and  even  to  the  existence  of  man,  than  the  corn:*- 1 
IKinding  absorption  in  the  passage  from  the  solid  to  the  liquid  fl 
couditiou.  Were  it  otherwise,  every  attempt  to  i)oil  a  BBUCcpuJ 
or  a  flask  of  water  or  other  liquid,  would  be  attended  with  expl 
siou,  from  the  sudden  formatioa  of  vapour,  the  moment  that  tU 
boiling  point  was  attained, 

By  the  term  ebuUUion,  or  boiling,  is  meant  the  forroatioD,  ii 
any  liquid,  of  bubbles  of  vapour  of  an  elasticity  equal  to  tliat  fl 
the  superincumbent  atmosphere  at  the  time. 

Although  the  Iwiling  point  of  each  liquid,  catertM  paribtii 
always  fixed,  yet  dilTerent  liquids  lary  quite  as  much  iu  the  tn 
pontturc  at  which  this  change  occurs,  as  solids  do  in  their  poinl 
of  liquefaction.  'Phis  is  shown  by  a  glance  at  the  following  taU 
wliich  contains  the  boiling  points  of  a  number  of  liquiiU,  reccoU|n 
(lotermiued  with  very  great  care,  reduced  to  the  atinu8|il 
1  pnnsare  of  39*93  inches  of  mercury :  the  specific  graTitiiM  of  ll 
Ji^aida  at  j:**  F.  we  also  given. 


iMe  pf  Boiling  Points  and  Specific  Graviiies  of  Liquids. 
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le  process  of  ebullition  may  be  beautifully  shown  in  a 

on^H 

^  flask,  heated  from  below.     At  first,  bubbles   of  vapotl^^H 

noed  at  the  bottom   of  the  vessel ;  these   bubbles   are  con^^^^ 

1  and  disappear  with  a   peculiar  vibratory  sound  before  they          1 

the  surface  ;  at  length  the  temperature   of  the  whole  mass          J 

Did  becomes  nearly  uniform,  and   the  bubbles  of  steam  a^^^J 

tre  formed  rise  to  the  surface  and  break,  emitting  a  perfeod|^^H 

■UBOi,,  .avisi-jic  A^puur,  «uicu   uuw.    nui    ut^^m^    ™umc 

^^^H 

UAt4°        t  AtsS'-s         X  At  ei-'-e.         \\  t>X  fit\- 

1 

^^■9^  ISriVESCE    OF    ADHESION    ON 

into  the  cloudy  form  comnionly  but  erroneously  designated' 
etcaoij  until  its  temperature  has  been  aufficieiitly  reduced  by  tl 
external  air  to  briug  it  back  to  the  liquid  form  iu  exccedisgl 
minute  globules. 

The  temperature  at  which  any  given  liquid  boils,  dthcnil 
perfectly  fixed  under  certain  conditious,  is  nevertheless  influeiico 
by  several  circumstances,  such  as — i,  the  nature  of  the  vessel 
which  it  is  boiled ;  2,  the  presence  of  matters  in  solution  iu  tl 
liquid ;  and  3,  and  most  important  of  all,  the  variation  of 
pressure  of  the  atmosphere  upon  its  surface. 

(167)  I.  Influence  of  Adiiemn  on  the  Boiling  Point.— k^h 
sion  of  the  liquid  to  the  surface  of  the  vessel  tljat  coutaias  it  bi 
a  marked  effect  in  raising  the  boiliug  point.  In  consequence 
this  action,  water  sometimes  boils  at  314°  in  a  glass  vessel,  bl 
falls  to  212°  if  a  pinch  of  metallic  tilings  be  dropped  in.  If  tl 
interior  of  the  vessel  be  varnished  with  shell  lac,  the  boiling 
ollen  not  occur  till  a  temperature  of  221°  b  reached,  and  thi 
will  take  place  in  bursts,  the  temperature  falling  to  2 
gnst  of  vapour.  So  again  the  presence  of  a  little  oil  elevates  t 
boiling  point  of  water  three  or  four  degrees.  The  experiments 
Donny  have  thrown  light  upon  some  of  the  causes  by  wlu 
ebullition  is  facilitated.  He  has  found  that  the  presence  of  air 
solution  singularly  assists  the  evolution  of  vapour.  From  the  i 
creased  elasticity  which  the  dissolved  air  acquires  by  the  additi 
of  heat,  miuutc  bubbles  are  thrown  off  iu  the  interior  of  t 
liquid,  especially  where  it  is  iu  contact  with  a  rough  surface;  K 
into  these  bubbles  the  steam  dilates  and  rises.  By  long  boiling 
the  water,  the  air  becomes  nearly  all  expelled  ;  in  such  a  ca»e  t 
temperature  has  been  observed  to  rise  even  as  high  as  360°  iu 
open  gloss  vessel,  which  was  then  shattered  with  a  loud  report, 
a  sudden  explosive  hurst  of  vapour.  In  this  case  the  force 
cohesion  retalus  tbe  particles  of  the  liquid  throughout  the  m; 
contact  with  each  other,  iu  a  species  of  tottering  equilibrium 
when  this  equilibrium  is  overturned  at  any  one  point,  the  rcputsi 
power  of  the  excess  of  beat  stored  up  in  the  mass,  suddenly  exe 
itself,  and  the  explosion  is  the  result  of  the  instantaneous  dispi 
dion  of  the  liquid.  The  difficulty  of  expelling  air  completely,  ei 
ft'om  a  small  bulk  of  water,  can  be  adequately  conceived  by  tbi 
only  who  have  attempted  it :  ebullition  in  vacuo  fur  a  vi^ry  con 
derable  {)criod  is  not  sufficient.  In  the  slow  freezing  of  ^ 
the  air  previously  held  in  solution  is  perfectly  expelled.  In 
sequence  of  this  absence  ol  air,  i?  a  Vxim'e  o?  \cc  f«fl  from  a 
babblen  bo  iaimersed  iu  licatcd  o\\,  so  bs  Vo  toiM  •«'\<i.v<iM\. 


VtlOS    ON    THE    BOIL1N0    POINT. 

E  eoutoct  witli  nir,  the  temperature  of  the  water  may  be  raised 

by  degrees  above  its  boil'mg  polut,  and  it  will  then  be  suddenly 

perted  into  steam  with  explosive  violence. 

I  ^Vhere  the  latent  heat  of  the  vapour  is  low,  and  the  liquid  has 

ratively  little  adhesion  to  air,  as  is  the  case  with  alcohol, 

b  ether,  and  with  sulphuric  acid,  frequent   bumping  or  irre- 

I  boiling  occurs,  endangering  the  vessel  and  its  contents. 

I  (168}  2.  Influence  of  tkt  Solvtion  of  Solids  in  a  Liquid,  on  its 

t  Paint. — Any  force  that  acts  iu  opposition  to  the  repulsive 

f  of  heat  produces  a  corresponding  rise  in  the  boiling  point ; 

R  the  solution  of  a  salt  in  water,  by  the  influeuce  of  adhesion, 

s  elevates  ihe  point  of  ebullition,  and  the  more  so  the  larger 

■qaantity  of  salt  added.     Indeed  it  has  been  supposed  that  the 

ptity  of  salt  required  to  produce  a  certain  rise  of  temperature 

pt  be  employed  as  a  measure  uf  the  amount  of  adhesion   be- 

I  the  liquid   and   the  salt  in   solution.     Legrand,  {j4nn.  de 

ie,  II,  lis.  423)  baa  published  a  series  of  careful   experiments 

I  acrenteen  different   salts,  and  the  results  which  he  has  oh- 

sidcrabic  interest.     It  might  be  supposed,  since 

is  elasticity  of  vapour   increases  with  the  temperature,  that  the 

IdBtion  of  a  larger   quantity  of  salt  would  Ire   required  to  raise 

tte  boiling  point  from  213°  to  214"  than  from  212°  to  213°.     In 

only  three  cases,  however,  was  this  effect   produced ;  these    three 

's'tf  stand  first  in  the  following  table.     In  sis  inslancea  the  efi'ect 

.'iJueed  was  exactly  the   reverse;  whilst  in  the  seven  instances 

■  iiich  stand  lowest  in   the   table,  the  successive  quantities  of  salt 

'  Lirh  it  was  requisite  to  add  in  order  to  produce  a  successive  rise 

1;  the  boiling  point  of  ]°  decreased  up  to  a  certain  point,  and  be- 

'11(1  this  st^ily  increased.     The  salts  employed  were  all  used  in 

!!'-■  anhydrous  state,  that  is  to  say,  they  were  dried  so   as  to   be 

:itirdy  deprived  of  their  water  before  beiug  dissolved : — 

Snflurnce  of  Sails  in  Solulion  on  the  Boiling  Point  of  tt'atcr. 
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Lijlvence  of  Salts  in  Solution  on  t/te  Boilhiff  PoitU  0/  fi'aler- 
continued. 
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Nutnitlistanding  their  high  boiling  point,  the  vapour  vlu 
ri^e^   froiu  such  solutions  adjusts  itself  almost  immediately  to 
attna'tphcric  pressure,  and  is  not  hotter  thau  the  eteam  of 
water. 

On  comparing  together  solutions  which  contain  equal  wetgtill 
of  different  salts  it  will  be  found  that  the  most  soluble  salts  ai 
by  no  means  uniformly  those  wliieh  produce  the  greatest  eWat 
of  the  boiling  point.  A  solution  containing  40  per  ceut.  of  c 
mon  salt  (very  nearly  saturated)  boils  at  226''-5 ;  whilst  in  1 
case  of  nitre  (a  far  more  soluble  salt}  a  solution  of  the  EU 
strength  boils  at  219°. 

(169)  3.  Influence  of  Pressure  on  the  Boiling  Point. — ^E 
tion  consists  essentially  in  the  rapid  formation  of  vapour  of  ■ 
elasticity  equal  to  that  of  the   atmosphere  which  exerts   its  ] 
sure  on  the  surface  of  the  liquid ;  any  diminution  of  that  prcsaur 

I  should  therefore  be  attended  with  a  corresponding  deprc 
the  boiling  point ;  and  it  is  a  fnct  that  water  which  litw  lot 
ceased  to  lx)il  under  the  usual  atmospheric  pressure,  may  be  1 
once  made  to  enter  into  ebullition  hy  placing  it  under  the  recdn 
of  the  air-pump,  and  exhausting  the  air;  by  this  meaiis  water  n 
he  made  to  boil  at  a  temperature  of  70°  F.  Indeed,  IJqnida  i 
general  boil  in  vacuo  from  60°  to  140°  liclow  their  ordinary  poin 
of  ebullition  when  under  a  barometric  pressure  of  thirty  iucfao 
This  result  may  be  shown  by  boiling  sumo  water  in  a  FIoretK 
/iBsk,  ant]  corking  up  the  flask  whilst  the  steam  ia  rabidly  e 
iiiff.      UiiOD  pouring  cold  walcr  o\m  tUc  w^v^  ^wV  »A  *i«  % 


I  ia  condeused,  its   pressure  is  removed,  and  the  wato 
t  to  boil  briskly ;  but  in  this  case  the  bubbles  nearly  all  riaj 
e  surface,  not  from  the  bottom  of  the   liquid.     A  simple* 
that  steam   from  Iioiling  water  possesses  an  elasticity  equal 
;  of  the  atmosphere  is  obtaiued  by  repeating  the  last  espe- 
I  with  a  tin  canister,  instead  of  a  globular  flask.     On  cork- 
I  th«  canister  and   pouring   cold  water  over   it,  the   steam 
I  is  suddenly  condensed,  a   vacuum   is   produced,   and   the 
r  is  crushed  in  from  the  pressure  of  the  external  air. 
:  reduction   of  temperature  at  which  boiling  takes  place  vQ 
■oualy  applied  in  the   preparation  of  vegetable  extracts 
Vicinal  properties  of  which  would  be  impaired  by  the  ordi-  * 
1  temperature  of  212",  and   by  exposure  to  the  air.     The  ap- 
tiiB  consists  of  a  still  and  a  receiver,  which  are  connected   by 
ur-tight  joint,  and  are  filled  with  steam   to  expel  atmospheric 
^nd   then   hermetically  sealed ;  on  cooling   the  receiver,  the 
.'■jDitioR  takes  place  rapidly  at  a  temperature  much  lower  than 
uinol  boiling  point  of  the  liquid.     A  modification  of  this  ■ 
.ss  is  ufied  in  the  mannfacture  of  sugar,  both  in  the  concen-l 
HI  of  the   cane-juice  and   in  the   subsetiuent  evaporation  0 
-yrup. 

i  70)  Measurevtent  of  Heights  by  the  Boiling  Point - 
_Ijt  be  expected  in  consequence  of  the  diminntion  of  atmo*! 
lie  pressure,  it  is  found  that  on  ascending  from  the  earth's 
ilc,  the  temperature  at  which  water  boils  becomes  gradually 
r.  In  descending  mines  the  eflcct  is  reversed,  and  the  boiling 
.t  becomes  proportionately  elevated.  Saussure  observed  that 
be  summit  of  Mont  Blanc,  which  is  15,650  feet  (nearly  three 
—■;  above  the  sea-le?el,  water  boiled  at  i85°8  ;  and  Wisae  de- 
1  the  boiling  point  upon  Mount  Pichincha,  at  an  altitude 
feet,  to  he  i^^'^zj,  whilst  the  barometer  stood  at 
hea.  This  observation  ailmits  of  a  very  simple  applica- 
3  measurement  of  heights;  a  diflereuce  of  aboi 
I  ascent  producing  a  variation  of  1°  ¥.  in  the  boiling  poin 


following  table  shows  the  temperature  at  which  wat^ 
i  tlio  corresponding  heights  of  the  barometric  column,  cal- 
I  by  Rcgaault,  and  confirmed  by  direct  observation. 


HIGH    PRESSCBE    STEAM. 
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184 

16676 

\ll 

ari24 

ao6 

^;si 

\tl 

17*047 

31-576 

S 

[11 

aJ-030 

17-61, 

\u 

17-803 

33-498 

309 

18-183 

18196 

199 

3^965 

18-7-M 

189 

i8'593 

300 

a3*45'l 

»9-.W' 

J90 

13-99, 

»3"937 

J9-9JI 

191 

19'407 

34-441 

2'3 

30-Sili 

.9-8» 

35-014 

3t4 

3i-i>0 

193 

JOJ,^4 

304 

35-468 

a'5 

3"-73= 

154 

30'687 

SOS 

35-993 

The  necessity  of  atteorliiig  to  the  height  of  the  baromett 
the  time  of  making  a  careful  observation  upon  the  boiling  poii 
any  liquid  will  now  be  obvious.  It  has  been  ascertained  tb 
variation  of  one- tenth  of  an  inch  makes  a  tliffcrence  of  more  ' 
a  twentieth  of  a  degree  F. ;  so  that  within  the  range  of 
barometer  in  tliia  climate,  the  boiling  point  of  water  may  var] 
^  {'7')  mff^  Pressure  Steam. — As  a  rcdin 

of  the  pressure  lowers  the  boiling  point,  « 
augmentation  of  tlie  pressure  raises  it.  To 
moustrate  this  fact  an  apparatus  has  been 
trivedj  consisting  of  a  small  iron  boiler  (fig.  1 
furnished  with  three  apertures  in  the  lid,  Ihtl 
one  of  which  a  thermometer  stem  is  passed 
tight ;  through  the  second,  a  long  glass  tubci 
at  both  ends  is  inserted;  the  lower  extremil 
this  tube  plunges  below  the  surface  of  ma 
placed  in  the  boiler,  above  wliich  a  qiiantil 
water  is  introduced  :  the  third  aperture  ruui 
furnished  with  a  stop-cock.  It  will  he  fouiM 
applying  heat,  that  so  long  as  free  commooia 
with  tlie  atmosphere  is  permitted  throughi 
open  atop-cock,  the  temperature  of  ebulUtioD 
eteadily  at  212°;  but  by  closing  the  cock,  tbe  s| 
may  be  confined,  and  as  fresh  portions  of  steam  continue  to 
from  the  water,  the  pressure  on  the  surface  increases,  as  ii  si 
by  the  rise  of  the  mercury  in  the  open  tube ;  the  boiling  | 
also  becomes  higher;  until  when  tlie  mercury  stands  nt  30  iu 
and  the  preaaure  on  the  surface  is  equal  to  that  of  an  J 

•  For  an  oxtentled  table  of  t.U»  kiaii  t\iie  Uuna.  0»  1 


J5pllWe,ffie  tliermometer  marks  a  temperature  of  24y*'"5.  By 
r  csDtinniiig  the  lieat  witbout  allowiug  the  steam  to  escape,  the 
[bilmg  point  rises  still  higher,  and  the  elasticity  of  the  steam  in- 
ffilh  iuercisiiig  rapidity  as  the  temperature  rises,  as  ia 
lihom  by  the  following  table  founded  upon  the  experiments  of 
I  Segnault : — 

TVinpero/are  of  Sleam  at  High  Pressures. 


rnwinin 

■^^7' 

Ri»inW>i.p.ror 

-T 

'"h°jr''*S'' 

joiuehnirBiurj. 

.tm«phcrP. 

3 

4 

I 

»495 
173-3 

3911 

3060 

11-4 

13 

ii 

3'4i 
371' 

3.;o-o  1 
395*4  ' 

6-3 
6-0 
54 

5'4 
5-' 

4-i 

I 

339-6 

17 

i8 

400-8 
405-9 

4.0-8 

lO 

35ft-'> 

7-6 

4"  5-4 

IThese  results  differ  but  little  from  those  obtained  under  the 
ion  of  Diilotig  and  Arago,  by  a  commission  appointed  for  the 
pur|x>5(^  many  years  ago  by  the  French  government.  They  found 
the  tem|ierature  of  steam  of  20  atmospheres  to  be  4i8°-4. 

It  will  be  observed  that  as  the  temperature  rises  by  equal  ad- 
£tions  of  heat,  the  increase  of  elasticity  is  more  rapid  at  high 
duui  at  low  temperatures,  and  this  circumstance  (in  addition  to  the 
prater  simplicity  of  construction  of  the  machinery  in  high  pres- 
H're  engines)  is  one  of  the  principal  reasons  for  the  increased  eco- 
of  power  obtained  in  employing  high  pressure  steam  as  a 
power,  when  compared  with  that  furnished  by  the  use  of 
Hire  engines.  But  it  is  only  when  in  contact  with  a 
of  water  from  which  fresh  steam  is  constantly  rising,  that 
fto  clmticity  augments  in  this  manner,  and  thus  produces  a  force 
itBcicnt  to  rend  asunder  the  strongest  vessels. 
be  heated,  it  follows  the  law  which  regulates  t 
lasticity  of  gaseous  bodies  in  general  (128). 
ligh  pressure  steam  whiht  confined  is  always  c 
of  the  water  from  which  it  is  produced ; 
nwd  in  the  arts  to  supply  a  steady  tcmperatui 
It  19  found  that  the  solvent  powers  of  ^ 
hy  the  elevation  of  temperature  cauaeA  1 
cecapo  of  clic  steam.      Papin's   digester 
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designed  to  effect  tins  object ;  it  is  siniply  a  strong  iron  t 
furnished  with  a  safety-valve  for  rcf;ulating  the  pressure  at  wliich 
the  fiteaiu  is  allowed  to  blow  off.  Tbe  water  may  thus  be  kept 
steadily  at  any  required  temperature  above  a  1 3°  as  long  as  is  re- 
quisite. The  geJatin  of  bones  may  by  this  meiuis  be  easily  a- 
tracted  from  the  earthy  matter,  altliougb  the  bones  may  be  boiled 
for  hours  in  water  at  212"  without  undergoing  any  such  change. 

(172)  Production  0/  Cold  by  Vaporization. — In  all  cases, " 
tlier  volatilization  occur  above  the  usual  boiling  point,  or  belowil 
lieat  is  absorbed  in  large  quantity.  A  few  drops  of  ether  1 
allowed  to  fall  on  tbe  band  disappear  rapidly  in  vapnur,  tsA 
produce  the  sensation  of  cold.  Indeed,  tbe  boiling  of  one  liqnii 
may  be  attended  with  the  freezing  of  another  wbitb  is  brougb 
into  its  vicinity.  Place,  for  example,  a  drop  or  two  of  water  b« 
tween  two  watch-glasses,  pour  a  little  ether  into  tbe  upper  glui 
and,  having  introduced  them  into  the  receiver  of  the  air-pump,  ei 
haust  the  air ;  tbe  ether  will  speedily  boil,  and  the  water  betww 
the  two  glasses  will  be  frozen,  by  the  rapid  abstraction  of  li 
which  it  has  experienced  during  the  conversion  of  the  etber  int 
vapour.*  Water,  as  Leslie  has  sliown,  may  even  be  froKcn  by  tJ 
rapid  absorption  of  beat  occasioned  by  its  own  evaporation,  "nii 
esperiment  may  be  performed  by  supporting  a  watch-glass  c 
tainiug  water,  over  a  dish  of  oil  of  vitriol,  under  the  receiver  < 
the  air-pump,  as  shown  in  fig.  i2j  {page  270).  On  eibaustii 
the  air,  the  water  evaporates  quickly,  the  steam  being  remove 
with  great  avidity  by  the  oil  of  vitriol  as  fast  as  it  is  formed ; 
ill  two  or  three  minutes  the  water  which  remains  in  the  P 
glass  becomes  converted  into  ice. 


*  Mr.  Karri«on  has  conlrived  an  bgenious  Irceiiag  appsrstiu  upon  d 
priuciple :  ooe  I'onn  or  the  inslrumeiit  a  (inured  in  tin'  Pharmactitk 
Journal  (w\.  47';).  About  ten  gollone  of  ether  are  placed  in  n  Rinall  mctd 
multitubular  boiler,  wbich  is  immened  in  a  strong  solution  of  snlt  and  will 
cont&ined  in  a  wooden  trough  cased  in  a  Don -conducting  mntcriid.  I 
boiler  ia  connected  with  mi  cxhauBting  pump,  hj  workinc  whifh  the  ethtf 
caused  to  evaporate  rapidly,  nnd  iLii?  leoipcruiure  of  the  boiler  is  ^ropWlH 
ably  reduced,  at  the  expense  of  that  ofthe  salt  water  around  it.  TbisBottwiri 
'g  made  to  fian  off  gradually,  through  a  channel  containiDg  a  serica  ol 
esaelt  each  capable  of  containing  14  or  15  lb.  of  the  water  to  bi  . 
The  Bait  wnler,  whicli  is  reduced  at  first  to  h  temperalure  of  about  3^,  if  ] 
turned  again  by  a  small  pump  when  its  temperafnre  has  risen  to  abiiut  ^ 
nd  it  is  again  made  to  flow  around  the  boiler  in  nhich  the  ether  is  erHoorali 
o  that  a  perpetual  circulation  of  e«ld  salt  water  is  maiiilHin-'l  tIh-  rlt: 
■he  vol  alii  ligation  of  which  has  caused  the  rediiciion  oi  '11 
densed  in  a  wunn  by  mcoiu  of  a  current  of  cold  natoT.  '.■:   ■ 

L-eiy  any  loss,  U)  the  boiler.    The  inventor  Matea  il: 
coal  eansuiurd  in  working  the  pumpa,  3  Ions  of  ice  arc  11 
*  ivnsnn  to  believe  that  tae  qnowUVj  ol  wu  «oviW\i«e\i>'vvi-^.i-jYitt"'aal 
greater  if  tiio  apparatus  had  bu«n  mwc  ^citectVj  toaiaXe^k. 


lTent  beat  of  vAPorns. 

r  is  dftO  ftoMTi  hy  its  own  evaporation  in  the  Cryophorua, 

I  dcriTes  its  uamc  from  Kpvo^  frost,  <popoQ  bearing,  in   allu- 

Bto   its   mode    of   action ;   condensation    of  the  vapour    being 

•^"■ted  by  the  application  of  a  freezing  mixture,  at  a  distance  from 

•  laporatitig  surface.     The  apparatus  consists  of  a  long  glass 

"c  bent  twice 


■  [licse  buliw  is  partially  filled  with  water,  which  is  then  made  t 

Uiii  iMiskly  ;  the  steam  thua  generated  expels  the  atmospheric  air 

liirough  a  capillary  opening  left  in  the  other  bulb,  and  when  the 

iiistmment  is  thus  freed  from  air,  and  filled  only  with  water  and 

vapour  of  water,  the  aperture  is  sealed.     To  make  use  of  it,  the 

■ittrr  ia  all  collected  into  one  bulb,  and  the  empty  bulb  is  plunged 

iiiio  a  freezing  mixture;  the  aqueous  vapour  which  it  contains  is 

riby  condensed,  and  evaporation  occurs  rapidly  from  the  surface 

I  he  liquid  in  the  other  bulb;  its  sensible  heat  is  thus  dinii- 

!cd,  and  the  water  in  a  few  minutes  begins  to  freeze.     The 

I  containing  the  water  should  be  protected  from  currents  of  air 

cdclosiug  it  in  a  glass,  as  shown  in  the  figure. 

(173)   MenmreTtienl  of  the  Latent  Heat  of  Vapours. — Equal 

(tights  of  different  liquids  require  very  different  amounts  of  heat 

111  convert  tbem  into  vapour.     The  amount  of  heat  which  is  thus 

Midered    latent,  may  be    determined   by  distilling  over  a  given 

•eight  of  the  liquid,   and  condensing  it   in   a   large   volume  of 

•atcr,  the  temperature  of  which  is  noted  before  and  after  the  ex- 

iTrimcut.      Suppose  the  latent  heat  of  steam  to  be  966°, — a  pint 

'  wiittT  converted  into  steam  would  on  recondensatiou  raise  the 

iificrature  of   10   pints   ^(^"6.     It  is  found  that  a   gallon  of 

-■'.^■T,  if  converted  into  steam  of  213°,  and  condensed  again  into 

:   liquid  form,  would  raise  about  5^  gallons  of  water  from  31° 

^MTc  owe  to  Andrews  (Q.  J.  Cheni.  Soc,  i.  27),  a  caraful  deter- 

,  of  the   latent  heat   of  a  number  of  vapours:    fig,  115 

1  the  mode  of  procedure  which  he  adopted.     The  liquid  to 

i>  placed  in  the  flask  a,  the  neck  ot  "«V\c\\  \ift&  a  ^es-^ 

^ieod'/  and  ta  connected  with  a  glass  leceweT,  ft,  ti.tTi\^\»A 


bftn.Tt    BEAT   OP    VAPOUBS. 

5-  with  a  spiral  condensing  tnf)(P 

terrainatiiig  at  d ;  tbis  receiver 
is  placed  iii  a  vessel,  c,  withi 
cousiderablc  quautitj  of  water, 
which  has  been  accaratelj 
weighed.  The  liquid  ia  distilled 
over  into  ii :  the  quaotity  t 
candenses  ia  carefully  weighed 
and  the  rise  of  temperature  e 
perieuccd  by  the  water  used  f 
condeusation  is  estimated  hfi 
very  sensitive  thermometer, 
TUe  whole  is  enclosed  in  i 
outer  tin  plate  vessel  funiishe 
nith  a  lid,  which  acts  as  a  » 
and  it  ia  further  protected  t 
the  radiation  of  the  lamp  by  tl 
tin-plate  scieen  a ;  s  is  a  Itgb 
gUs8  tube  fur  agitating  the  water.  The  result  obtained  has,  I 
ewr,  to  be  corrected  by  other  exjwriments  for  the  heat  absorbs 
hy  the  metallic  parts  of  the  apparatus,  and  for  that  which  is  lo) 
1^  nuliatiou  during  the  time  that  the  experiment  lasts;  allowaiW 
iMtalso  Xm  he  made  for  the  heat  vhich  the  condensed  liquid  bu 
j^ttou  out  after  its  liquefaction,  in  cooling  doun  from  its  boiliug 
^•HtiC  lo  the  tfa>|ierulure  of  the  water  used  in  the  condenser. 

*rb«  rwuli*  obtained  in  this  delicate   branch  of  inquiry  if 

l**y^jtit.  iiij    Brix,  which,  however,  embraced  a  much  smallnr 

.K  agree  pretty  closely  with  each  other  and  md 

-  of  Andrews.     These  results,  with  some  of  tho* 

nr*  and  Silbermaim  {Ann.  de  C/iimie,  III.  : 

^  4M  9««>  >1*  ^*>  fi>Uowing  table : — 

Latent  Heat  qf  Vapours. 


873-8) 

99^3  1 
1104-7 


Bwual 
Favn   ■ 

SiliMtttu 

Andraw 
F.taii 


numbers  which  represent  the  latent  heat  of  equal  volumes 
rapour  are  obtained  by  multiplying  the  numbers  in  the 
^uma  by  the  atomic  number  of  each  compound,  divided 
le  number  for  the  double  atom  of  water.*  The  numbers 
I  in  the  third  column  iiulicate  the  quiintities  of  water  iu 
le  temperature  of  which  would  be  raised  i"  F.  by  con- 
into  the  liquid  form  of  a  pound  weight  of  the  vapours 
if  the  various  liquids  mentioned  ;  the  lifjuid  comlensed 
iposed  in  each  case  to  be  at  the  temperature  of  its  own 
int.  For  instance,  the  conversion  of  one  pound  of  steam 
ito  water  at  212°  would  raise  ^66'6  pounds  of  water  from 
^  P.  So  tlie  condensation  of  one  pound  of  the  vapour  of 
173°  into  liquid  alcohol  ati73°would  heat  374-9  pounds 
firom  60''  to  61°. 
The  density,  that  is  to  say,  the  weight  of  a  given  volume. 


Tolnme*  of  Vaponr  represent  i  eauivnlent  of  each  Bubstance,  eicept 
of  wattT,  in  wliicL  9.  tUe  asually  received  equivuleat,  giveB  only 
of  rapour;  18.  Hierufjre,  represents  tlie  weiglit  of  water  wliicfi 
7o1uiiiii  of  rapour  eijiial  to  that  yielded  by  iin  t(\uivakut  of  cmIa 
hqaitU. 


256 


LATENT   HEAT    OF   STEAM. 


of  steam  increases  directly  as  its  elastic  force.  Watt  conduded 
from  his  experiments  that  the  same  weight  of  steam,  whatever  its 
density  may  be,  contains  the  same  quantity  of  heat,  its  latent  heat 
being  increased  in  proportion  as  its  sensible  heat  is  diminished  or 
absorbed.     For  instance : — 


A  certain  wei 
condensed 


ight  of  steam  at  3ia°  F.")       180°  of  i 
d  at  33^,  gives  out  .     . )       950®  of 


sens]bIeheat,aDd 
latent  heat 


Amounting  together  to 1130^ 


The  same  weight  of  steam  at  350®,) 

lut   .     .5 


a  1 8®  of  sensible  heat. 


condensed  at  32^,  gives  out 
But  only 912^  of  latent  heat. 


Still  amounting  together  to    . 


1130^ 


The  same  weight  of  steam  at  100^,)  ^00    i.        -1.1    i_    x 

,       J    X      o     •          J.           r  68°  of  sensible  heat, 
condensed  at  32  ,  gives  out   .     .  j 

But  now  as  much  as 1062°  of  latent  heat. 


Making  together,  as  before 


1130^ 


Regnault  has,  however,  shown  by  a  scries  of  laborious  expe- 
riments, that  although  the  assumption  of  this  rule  may  not  lead 
to  serious  errors  in  practice,  and  although,  consequently,  there  i» 
but  little  saving  of  fuel  in  performing  evaporations  at  a  low  tem- 
perature, yet  that  it  is  not  strictly  correct.  In  reality,  the  sum 
of  the  latent  and  sensible  heat  increases  as  the  temperature  rises, 
by  a  constant  quantity,  equal  for  each  degree  F.  to  o°"305 :  this 
may  be  seen  in  the  subjoined  table,  in  which  it  is  assumed  that  the 
sensible  heat  of  steam  may  be  neglected  for  all  degrees  below  tlic 
zero  of  Fahrenheit : — 

Latent  and  Sensible  Heat  of  Steam  at  different  Temperatures. 


PresBuro  in 
atmospheres. 

1 

Temperature.    '     Latent  heat. 

Sum  of  latent  and 
•ensible  heat. 

0*00146 
000603 
1*00000 
S'OOOOO 

0° 

212° 
339°-5 

1114° 
io9i°-7 
966^*6 

1114° 
1123^*7 
11 78^*6 

I2i6°*8 

It  muat  be  borne  m  ndnd  t\xait  oc^oal  \]raS9sA  o£  different  liquids  , 


e  very  different  volumes  of  vapour.  Water  furuialies,  bul 
Ik,  a  mncb  larger  amount  than  any  other  liquid,  a  c«M 
If  of  water  Bt  212°  expanding  to  nearly  a  cubic  foot  of  steam  ar 
,  or  more  accurately  to  1696  times  its  volume.  The  following 
■  li-  shows  the  volume  of  vapour  which  is  furnished  by  a  cubic 
ii  <jf  four  different  liquids,  at  ibeir  respective  boiling  points. 
>t:d  volumes  of  difl'erent  vapours,  takca  at  the  boiling  points  of 
jr  respective  liquids,  consequently  possess  very  different  weights, 
ii  shown  by  the  last  column  of  the  table : — 


|jnibi=i«ll«f«rh 

1  CubioinQioQf 
"  1    K^Kpoiol. 

BoiUnitpoin 

Weight  is  gnino  of  ifio 
cmbic  m.  af  uch  iipour  *( 

HfBter     .    .     , 
ilraiiot  .    .    . 

OilofTurpenline 

1611G 

'93 

314 

1               '4-93 
40'49 
64-71 

117-71 

e  expansive  force  of  the  different  vapoura  obviously  depends 
I  the  bulk  of  vapour  produced  from  an  equal  bulk  of  e 

;  and  although  the  latent  heat  required  to  convert  eq 
■of  other  liquids  into  vapour  is  much  less  than  that  required 
,  yet  no  economy  would  be  experienced,  even  did  thej 

0  more  than  water,  by  substituting  these  liquids  for  water,  ( 
bt«rials  for  generating  vapour  in  the  steam  engine, 
■periments  already  quoted  have  shown  tiiat  equal  volumes  0 

;  and  of  aqueous  vapour  coutain  nearly  equal  amounts  0 
[heat  at  their  respective  boiling  points  ;  and,  as  will  be  s 
£  results  quoted  in  the  fifth  column  of  the  table,  (page  2^ 

1  to  this  equality  may  be  observed  in  the  case  of  vapour&l 
B  Other  liquids.  It  is  not,  however,  true  as  a  general'! 
m,  that  equal  volumes  of  vapour  of  diflerent  liquids,  under  ' 
Beures,  contain  equal  amounts  of  latent  heat.     The  cost 

1  of  effecting  the  evaporation  of  diflerent  liquids,  would   be 
ponate  to  the  amount  of  latent  heat  in  eq  ual  volumes  of  tl 

I  at  their  resjjective  boiling  points,  that  is  to  say,  at  tli( 
t  which  they  possess  equal  amounts  of  elastic  force. 

I  steam  of  high  elasticity  is  allowed  to  esca]>e  suddenly 

e  air  from  a  small  aperture,  the  temperature  is  so  much  re- 

that  the  haud  may  be  held  in  it  with  impunity,  although,  as 

irly  known,  steam  of  the  ordinaiy  elasticity  of  the  air  scalda  ] 

The  chief  cause  of  this  reduction  of  temperature  in  the  J 

t  high  pressure  steam  is  the  sudden  and  forcible  admixture  i 

(vteatD  with  air  at  the  first  rush.    Dr.  Young  ipTO\e^,  e"k\iefv** 

•,  that  a  stream  o/' air  or  vapour  (fig.  II6, 1^  esc&V^^^'^M 


r  ^^ 


Ke.  tiff.  into  the  air  paaaes  furtlier  in  an  i 

^^^^  column  than  a  stream  issuing  witli 

"i^^.  (fig-  "6,  2)  J  in  the  latter  case,  t 

■^  '^__  tion  of  the  steam  and  air  one  ag 

"  ^  "~s    other,  causes  their  immediate  intei 

3^    So  great  is  the  rarefaction  of  air  \a 

-:^  of  the  jet  from  its  sudden  expans; 

a  solid  body  of  some  weight  maj' 

pended  in  the  issuiug  steam,  not  o\ 

it  is  escaping  vertically  into  the  air, 

Then  it   is  inclined  at  an  angle  oi 

degrees  from  the  perpendicular.     ] 

several  inches  in  length  be  drawn  o' 

extremity  to  a  fine  aperture,  and  1 

tracted  aperture  be  placed  in  the  ax 

cone  of  issuing  vapour,  whilst  the  r 

dips  into  a  vessel  containing  n  lii 

latter  may  be  raised   seven  or  eigh 

and  may  even  be  proje 

stream  from  the  upper  ' 

the    tube.     The  amoun 

thus  carried  forward   is 

siderable,  that  a  jet  of 

employed  with  good  eff 

moWng  power  iu  ventilo) 

this  case  the  jet-pipe  i»  | 

the  axis  of  a  tube  commi 

with  the  apartment  to  I 

latcd;  the  size  and  pa 

the  orifice  of  this  outer  ' 

regulated  so  that  the  co 

suing  steum  shall  cxactl; 

opening  (fig.  1 17,  i);  if  t 

tube  he  of  larger   dime: 

2  loss  of  power  is  cxpcri< 

consequence  of  part  of  t 

^ng  expended  in  producing  a  downward  current  of  the 

f  (3) ;  if  too  small,  a  loss  is  experienced  by  friction 

HdcR  of  the  tiil)c  (2}.     * 

The  working  of  a  steam-engine  depeiiils  upon  Ihi 
cinatic  force  in  steam  by  the  agency  of  heat,  otui  tta 
Mtruction  by  the  appUcation  of  co\A  'Nl\ich  cnm 
»iatc  motion  iu  oiHK»ile  Awectious  w  ^i«s. 


■may  lie  applied  by  various  mechanical  contrivances  to  thd 
Btiou  af  aiiy  required  movement.     Tbc  tlieorjr  of  latent  heat 
Mmportant  in  the  working  of  the  steam-engine ;  but  the  prat 
:«]  application  to  this  purpose  of  the  principles  above  developed 
Ix-jond  the  object  of  this  worlt. 

I  75)  IMatiUalion.  —  The  rapid  formation  of  vapour  during 
!  I  lion  is  oflen  mside  use  of  by  the  chemist  for  the  purpose  of 
:  Litiiig  liquids  from  solids, — aa  in  the  ordinary  cose  of  distilling 
■  r  to  free  it  from  the  impurities  dissolved  in  it,  or  for  the  sepa- 
ls of  two  liquids  which  differ  in  volatility,  as  in  procuring  spirit 
■dc  from  a  fermented  liquor.  In  such  operations  the  arrauge- 
'-  for  condensation  acquire  considerable  importance;  they  are 
rioua  kinds,  hut  the  worm  tub,  the  apparatus  most  usually 
■lyed,  consists  of  a  spiral  pipe  called  a  worm,  which  is  shown 
u-  1 18,  surrounded  by  a  considerable  volume  of  cold   water; 


s  firom  the  boiler  into  the  worm,  is  condensed,  and 

B  lower  aperture  into  suitable  receivers.     Fresh  addi- 

1  water  are  continually  required  in  the  refrigeratory, 

1  and  tub  are  called.    Tlie  heat  is  greatest  in  tte  wji^* 

a  the  hot  vapour  enters;  and  aa  the  heated  vttixx,'' 

rf  speciHc  gravity,  remains  at  the  top,  it  is  tiw: 


BISTIM 

ill  supplying  the  fresh  water  for  cooling,  to  allow  it  to  eater 
the  bottom  of  the  vessei,  while  the  heateil  portious  flow  off  at  t 
upper  part.  The  object  of  giving  to  the  alcam-pipe  an  asceniiii 
(iirecttou  as  it  passes  to  the  condenser,  is  to  insure  the  rctuni 
the  boiler  of  any  particles  of  liquid  which  may  have  been  meciw- 
nically  carried  up  by  the  breaking  of  the  bubbles  in  the  act  ol 
ebullition, 

In  the  laboratory  various  moditicBtions  of  condenser  arc  cm- 
ployed.  A  very  convenient  form  of  apparatus  is  that  known  u 
Liebig's.  It  consists  of  an  outer  metallic  tube,  through  tlie  aii* 
of  which  a  glass  tube  is  passed,  and  is  supported  by  perfonUd 
corks ;  the  space  between  the  two  tubes  is  filled  with  water,  wbicli 
is  continually  renewed  by  cold  water  which  enters  by  a  funnel  near 
the  lower  extremity,  while  the  hot  water  escapes  at  the  other  eDi 
The  method  of  using  it  is  sufficiently  indicated  in  fig.  119. 


When  the  products  of  distillation  arc  Dot  verj'  vulatile,it 
often  found  convenient  to  make  use  of  the  evaporation  of  nt 
from  the  neck  of  tlic  retort  as  a  means  of  condcusatiou.  Fig.  i: 
shows  a  method  by  which  this  can  be  cITcctud,  the  nock  of  tl 
retort  being  prolonged  by  the  addition  of  the  cunical  lube 
adapter,  Vkves  of  blotting  paper  are  used  to  distribute  the  wo) 
vfaicb  trickles  slowly  from  the  funnel,  the  throat  of  which  is  v 
ftracted  hy  a  plug  of  low  •,  t\\e  su^Aaona'SB.tei  ia  carried  off  u 
a  jug  or  other  vessel  placed  to  rccert-e  vX,  \>'j  n«Mn  q\  ».  %&«*. 
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!  rmm3  the  neck  of  the  retort.     The  progress 
■illation  is  hastened  by  eovering  the  arch  of  the  retort  i 


'  uf  brown  paper  or  of  tin  plate ;  a  chamber  of  liot  air  ia  thus 
"iiained  in  contact  with  the  upper  part  of  the  retort,  and    the 
||  mr  is  prevented  from  condensing  where  it  would  necessarily   _ 
nniira  again  into  the  mass  of  liquid  undergoing  distillation.  h 

The  complete  separation  of  two  liquids  which  differ  in  volatility,  I 
annot  however  be  effected  by  mere  distillation,  as  a  certain  pro-   ■ 
fortiou  of  the  less  volatile  one  always  passes  over  with  that  which 
"  tbe  more  volatile.     The  separation  of  alcohol   and  water,  for 
(lample,  is  never  completely  effected   by  diatillatioii ;  because  at 
'?3°  (the  boiling  point  of  alcohol)  the  tension  of  aqueous  vapour 
IS  (till  considerable ;  indeed  it  is  sufficient  to  balance  a  column  of 
mercury  nearly   i ;  inches  in  height.     In  the  first  distillation  of 
tie  fermented   liquor,  a  considerable   proportion   of  water,  there- 
fiife,  romes  over  with  the  spirit.     The  less  the  amount  of  spirit 
onginally  contained  in  the  liquid,  the  larger  is  the  proportion  of 
*Ufr  in  the  distilled  liquor.      By  a  second  distillation,  the  pro-  J 
pnioa  of  water  in  the  distillate  is  reduced  ;  and  the  process  may  fl 
'*  repeated  with  like  effect  until  the  reduction  of  the  proportion   ■ 
of  water  in  each  successive  product  of  distillation  no  longer  com- 
[WiMtes  for  the  waste  and  expense  of  the  operation.    An  ingenious 
Ti-iiiiid  of  dispensing  with   the  necessity  for  these  frequent  and 
1;  rectifications  was   devised  by  a  Frenchman  of  the  name  of 
11.     By  its  means  he  succeeded  at  a  single  operation  in  carrying 
jLi^oiKCtitration  to  tlie  highest  point  attainaUebj  mett  dist\\\.B.- 
^^Tbe principle  of  this  lurention  consists  in  coiraectm^to^'e'C&w 
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coffey's  still. 


Fia.  i 


I  a  number  of  rectifying  chambers,  in  aucli  a  manner  tbat  t!iF  "t^ 
f  driven  off  from  the  chamber  nearest  the  fire  sliall  couileiiw  ii 
1  the  second,  and  by  the  heat  given  out  in  its  coiideneatioo  shall  caiwe 
the  more  volatile  porliona  of  the  liquid  of  the  second  to  distil  iuto 
the  third  chamber,  and  those  of  the  third  into  a  fourth,  and  w(m 
till  a  sufficient  degree  of  concentration  is  effected.     The  moat  ef- 
fective   method  of  a- 
taining  this   object  i* 
exhibited  in  the  form 
of  still,  called,  from  iu 
inventor,  Cofft^t  ttHi 
Fig.    121   represent*  • 
section  of  one  of  thne 
stills.     B  ii'isthobodj 
of   the  still,   which  i» 
made    of    copper,   and 
enclosed   in   a  case  of 
wood,  to  prevent  loesof 
heat :    npou   the   body 
-  tno  columns,  d  F,  B  &i 
are  supported  ;  o  is  the 
vessel  from  wbich  Um 
liquor  for  distillation  is 
raised  by  the  puinp,<)i 
the    liquor   eiitcn  tlie 
column  II  K,  by  the  long 
spiral  pipe  L  l,  by  which  it  is  ultimately  conveyed,  through  lie  pipe 
m,  to  the  top  of  the  column  n  f.  The  heat  employed  in  the  distilla- 
tion is  not  the  direct  heat  of  a  fire,  but  is  procured  by  injecting 
steam  obtained  from  a  boiler  not  shown  in  the  figure.     The  steam 
enters  the   body  of  the  still  through   the  pipe  a  ;  the  amount  of 
steam  admitted  being  regulated  by  a  valve,  ilie  handle  of  which 
shown  at  F.     B  b'  is  divided  into   two  chambers,  by  meauB  of  s 
copper  shelf,  pierced  with  numerous  small  holes,  which   allow  tlM 
passage  of  steam  upwards,  though  they  are  sufficiently  small  lo  ptfr 
vent  the  descent  of  any  considerable  quantity  of  liquid  which  i 
be  resting  upon  the  shelf.     The  steam  at   first  condenses  in 
cold  liquid  of  the  lower  chamber,  but  quickly  raises  this  liquid  to 
the  boiling  point,  driving  off  the  alcoholic  portions  first,  as  they 
are  the  most  volatile.     This   vapour  traverses  the  liquid   wUidi 
rests  in  b',  on  the  perforated  alielf,  and  gradually  raises  it  to  the 
boiling  point,    driving  off  from  it   the  alcohol  in  vapour;  thu 
vapour  pasBBB  off"  by  a  pipe,  i,  to  l\\t  \iQ\\nvn  q1  >^  wJw.ma. 
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is  divided  into  a  series  of  compartments,  by  perforated 
if  copper;  each  of  tlieae  shelves  is  provided  with  a  pipe 
ing  off  the  liquid  to  the  shelf  below.  This  pipe  projects 
incli  above  the  upper  surface  of  each  shelf;  &  stratum  of  i 
Wut  au  inch  in  depth,  is  thus  retained  upon  each  shelf, 
iversed  by  the  vapours  which  ascend  from  the  shelf  next 

The  wash,  or  liquid  for   distillation,  having   become    ' 

luring  its  passage  through   the  spiral  pipe  in  the  column 

falls  upon  the  uppermost  perforated  shelf  in  d  v,  flows 

farthest  end  of  that  shelf,  and  then  falls  upon  the  nest 

Slice  it  passes  to  the  thiid,  and  so  on  in  succession  to  each 

it  desceuda,  it  encouulers  the  ascending  vapours,  whieh 

juccessive    step  of  the   ascent  become  more  and   more 

—the  wash,  as  it  descends  becoming  weaker  and  weaker, 

a  it  reaches  the  vessel   d   b',  it   is   wholly  deprived  of 

If  the  quantity  of  tlie  ascending  vapour  should  become  at 

too  great  to  pass  through  the  perforations  in  the  shelve?, 

ire  opens  the  valves  t  t,  which  are  provided  for  security 

ahelf.     The  vapour  having  reached  the  top  of  the  column 

ODveyed  by  the   steam  pipe  t  i  n,  to  the  bottom  of  the 

column,  or  rectifier  h  k.     The  lower  pnrt  of  tlus  column, 

s  the  pipe  v,  is  constructed  exactly  upon  the  same  plan  as 

on  D  V,  but  in  each  compartment  between  the  shelves  the 

le  L  L  makes  three  or  four  courolutions,  and  thus  becomes 

)xj  the  ascending  heated  vapours.     In  this  second  column 

iuous  liquid  distilled  over  from  the  first  column  thus  uu- 

,  successive  rectiflcation  upon  each  of  the  lower  shelves, 

more  and   more  concentrated  by  the  ascent  of  the 

vapours,  which,  by   their  condensation  at  each  successive 

lit  sufficient  of  the  heat  previously  held  latent  to  effect  the 

in  of  the  more  volatile  portions  of  the  liquid  by  which  they 

The  fi^e  upper  shelves  of  this  column  merely  act 

snser  for  the  alcoholic  vapours ;  the  shelves  are  not  per- 

id  are  attached  to  the  alternate  sides  of  the  column,  bav- 

ow  passage  at  one  cud  of  each  shelf,  so  as  to  oblige  the 

to  describe  a  zigzag  direction  :    the  pipe  r  carries  off  the 

spirit  into  proper  receivers ;  the  pipe  h  carries  off  any  un- 

id  spirituous   vapour  to  a  refrigeratory,  whilst  the  weak 

icb  reaches  the  lower  part  of  the  column  is  returned  by 

B  to  the  vessel  o.     The  spent  wash,  as  it  accumulates  in 

Irawn  off  at  intervals,  and  the  still  can  thus  contbue  its 

u  without  intermission. 

—AU   liquids,    at   tempctalui-ea  iat  \i^«'w 
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^B  Fio.  131.  thGirpointBofebuUitioD,emHiVt^ 

^U  by  the  traiiquil  process  uf  evapon 

^B  {14^'     ''  ^'°"'     '^'^  amouut  of  vapour  give 

^1  I     11  off  at  a  constaut  temperature  diffd 

^M  y  greatly  in  difTereat   li()uids,  and 

^^^^^^  I  deijeiident  upon  the  temperature  i 

^^^^^k  I  which  each  liquid  boils. 

^^^^^H  I  The  great  dijference  iuthen^ 

^^^^^P  I  tilitj  of  liquids   at  the  same  td 

^^^^^K  I  perature  is  strikingly  showu  by  fi 

^^^^^^t.n  I  M         i"g   ^   number  of  barometer  tub 

^^^  ^U^ii^^^^fl         (tig.    122)   with   mercury,    and 

verting  them  in  a  bath  of  the  sac 
metal.     One  of  these  tubes  (i)  in 
be  kept  aa  a  standard  of  refcreno 
if  into  one  of  the   other  (2)  a  fl 
drops   of  water  be 
allowed   to.  ascend,        Fio.  i»,^ 
an    immediate    de- 
pression of  the  co- 
lumn of  mercury  i» 
observed,  due  to  the 
elasticity  of  the  aqueous  vapour  furnished  by  the 
evaporation  uf  the  water.     If  into  a  third   tube 
{^)  ak'oliol  be  introduced,  a  greater   depression 
will   be  perceptible ;    bisidphide  of  carbon  in  a 
fourth  tube  (4}   will  produce  a  still  greater  de- 
pression, and  if  ether  be  admitted  to  a  fifth  (5), 
the  height  of  the  mercurial  column  wdl  be  still  less. 
Xuw  let  a  second  wider  tube  closed  below  by  a 
i;ork  be  placed  round  the  exterior  of  any  one  of 
these  tubes,   so   as  to    inclose  nearly  its  whole 
length,  as  in  fig,    1 23 ;  let  the  outer   case  thus 
formed  be  filled  with   water,  the  temperature  of 
which  is   gradually  raised,  so  as  to  communicate 
the  heat  uniformly  to   the   tube  withiu.     A  pro- 
gressive depression  of  the   mercurial  column  i« 
thus  produced  ;  and  by  measuring  the  amonut  of 
this  depression,  it  is  found  that  tlie  elasticity  of 
the  vapour  emitted  from  each  liquid  increases  as 
the  temperature  rises,  until   at  the  boiling  point 
of  the  liquid  the  elasticity  becomes  equal  to  that 
of  the  air.    If  the  tetngcruturc  Uctoasa  wwtitt^s, 


TENSION    OF    VAPOURS.  MJ 

0  terms  of  an  Arithmetic  ratio,  the  elasticity  rises  accordiiig 
c  terms  of  a  geometric  progression,  the  ratio  of  which  differs 
*['1i  liiiiiid. 
^Tbe  foilowiug  table  comprisea  some  of  the  results  of  Regnaull  s 
etiinptits  npon  the  tension  of  the  vapours  of  various  liquids  at 
il  temjieratures.  The  tension  of  the  vapour  is  measured  by  the 
^tof  a  columu  of  mercury  in  inchesj  which  each  vapour  will 
lort  at  the  temperatures  quoted ; — 
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■fl77)  Dalton's  Law  of  Tension  of  Vapours. — It  was  assumed 
' '  DaltoQ  that  the  tension  or  elasticity  of  all  vapours  was  equal, 
inipared  at  temperatures  which  represented  differences  of  au 
i'i;il  number  of  degrees  above  or  below  the  boiling  poiuts  of  their 
^[.•■ctivc  htiuids.  This  law  is  not  strictly  in  accordance  with  the 
-ults  of  experiment.  However,  for  short  distances  above  and 
li>*  the  Imiliug  point,  it  is  very  nearly  true,  excepting  in  the 
-':  of  niercnry,  and  may  be  employed  for  the  purpose  of  corrcct- 
;  the  obMrvatioQs  of  the  boiling  points  of  liquids  made  at  atmo- 
.,  which  are  but  little  above  or  below  the  standard 


'lowing  table  exhibits  the  elasticity  of  the   vajwurs  of 

.:.uiit  liguids  at  corresponding  distances  aWe  mi4  WVyw 

hibmJiag  points. 
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Tension  of  Vapours  at  equal  distances  from  the  Boiling  Poioli 

of  the  Liquids. 
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The  ether  used  in  these  experiaicnti  co 

Fio.  ii4.           not  have  been  perfectly  pure,  aa  its  boiling  pc 

is  too  high.    The  boiliug  point  of  mercury 

T|^,       estimated  by  a  mercurial  thermometer  witli 

^\^     correctiou  for  the  increasing  rate  of  expani 

at  high  temperatures, 

Tbe  increase  of  elasticity  produced  hyl 

in  those  vapours  which  are  in  contact  with 

liquids  by  which  they  arc  fiiruiblieii,  iodic 

c     3 

M      f 

the  one  may^in  fact,be  calculated  from  theol 

^ 

A       When  the  temperature  is  reduced,  the  elast 

falls,  and  a  portion  of  the  vapour  is  comJa 

There  is,  indeed,  for  every  vajxmr  a  maxit 

density  for  each  temperature,  which,  when 

liquid  is  in  contact  with  the  vapour,  is  spw 

attained,  but   which  cannot   be  surpassed 

^ 

matter  Low  much  the  pressure  to  which  thi 

^H 

pour  is  subjected  may  varj';  au  increase  of] 

^M 

sure  immediately  condenses  a  part  of  the  ]i 

^V 

1 

that  had  evaporated,  and  a  diminution  of  { 

W 

1 

sure  is  attended  with  immediate  volatilin 

1 

1 

of  a  fresh  portiou  of  the  liquid ;  conseqaca 

1     -it^ 

P^L       cubic  inch  of  vnpour  of  any  particular  Uqu 

■             "^^BS^::^'      any  gVveu  tetnvwatatc,  w  iX-^wja  <A  -Owt 

^Im 

^H 

^H 

^H 

^H 

^M 

■ 

^^V  LIMIT    OF    EVAPORATION.  iC>7  i 

'Mticity,  and  possesses  the  same  weight.     If  a  small  quantity  of  1 

dier  be  thrown  up  into  the  vacuum  of  the  barometer  tube,  repre- 
^^^pfd  in  fig.  1 14,  tbe  length  of  the  column  of  mercury',  a  b,  above 
^^^p  lerel  of  that  ia  the  hath,  will  continue  to  he  nearly  the  same 
^^^■etlier  the  tube  be  raised  or  lowered  in  the  outer  vessel ;  if  it  be 
^^W»ed,  fresh  ether  will  evaporate,  if  depressedj  part  of  the  vapour 
li  ill  be  condensed. 

(178)   Limit  of  Evaporation. — From  what  has  just  been  stated  1 

might  be  supposed  that  all  liquids,  at  even  the  lowest  tempera-  . 

were  constantly  emitting  vapour.     That  mercury  does  so  at 
ion  atmospheric  temperatures  may  be  shown  by  a  very  simple  ' 

imcnt.  Place  at  the  bottom  of  a  bottle  a  few  drops  of  mer- 
Curt,  and  suspend  in  the  neck  a  bit  of  gold  leaf ;  in  a  few  weeks 
the  lower  portions  of  the  gold  will  become  white  from  the  couden- 
aation  of  the  vapour  of  mercury  upon  it.  In  the  tube  of  a  well- 
made  barometer  the  same  thing  is  shown  by  the  formation  of  a  dew 
of  metalttc  globules  in  the  space  above  the  column  of  metal.  Faraday 
tiw,  however,  proved  that  there  is  a  temperature  below  which  this 
>I:ttiIizatioB  ceases,  a  temperature  which  varies  for  different  snb- 
.inccs :  for  mercury  the  limit  is  about  40°  F.;  for  sulphuric  acid  the 
i-mil  i»  much  higher,since  the  acid  undergoes  no  sensible  evaporation  J 

at  ordinary  atmospheric  temperatures.     The  cohesive  force  of  the  I 

liquid  here  appears  to  overcome  the  feeble  tendency  to  evaporation.  I 

It  is  not  necessary  for  the  evaporation  of  a  body  that  it  should  I 

be  in  the  liquid  form.  Camphor  rises  in  vapour  from  the  solid,  and 
ttHldwises  in  a  crystalline  form  on  the  sides  and  upper  part  of 
*he  TMsc!  which  contains  it.     Ice,  if  introduced  into  the  vacuum  J 

1' a  Ijnroraeter,  immediately  causes  a  depression  of  the  mercurial  I 

'  Itttnn  amounting  at  32°  to  upwards  of  18  hundredths  of  an  inch,  I 

even  at   zero  the  tension  of  the  vapour  of  ice  is  found   to  I 

lilt  to  4  hundredths  of  an  inch.     It  is  owing  to  this  evaporn-  ' 

thst  patches  of  snow  and  tufts  of  ice  are  observed  gradually  | 

il^tear  even  during  the  continuance  of  a  severe  frost. 
has  been  shown  that  if  the  temperature  of  one  of  the  tubes, 
ia  fig.  123,  which  contains  a  volatile  liquid,  he  uniformly 
throughout  its  entire  length,  the  elasticity  of  the  vapour 
les  rapidly  till  the  liquid  reaches  its  boiling  point.  Tbe 
ition  of  heat  to  one  portion  only  of  the  tube,  however,  is  '  1 
ed   with   a  very   ditferent  result:  the  liquid    may  even  be  ' 

"ated  to  ebullition,  and  it  will  distil  and  be  condensed,  but  unless  I 

't'  whole  of  that  portion  of  the  tube  which  is  filled  with   vapour  I 

^^^^eated  to  the  same  degree,  no  corresponding  increase  of  elasti-  J 

^^^■9l2/  be  observed :  the  ten.-'ion  can  never  e^cce^  lW\.  &va  ^n        I 
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the  elasticity  of  the  vapour  which  would  be  emitted  if  llie  Ii« 
were  at  the  aame  temperature  as  that  of  the  coolest  portion  of  lie 
tube  above  the  liquid ;  because  the  excess  of  vajxtur  i»  at  (met 
condeiiged  as  soon  as  it  reaches  this  colder  part  of  the  space.  The 
ether,  for  example,  iu  the  barometer  _5,  fig.  122,  may  be  m^detoboil 
by  the  heat  of  the  hand,  but  the  height  of  the  column  of  mercuij 
undergoea  little  change ;  the  ether  vapour  being  condensed  in  the 
colder  portious  of  the  space  as  rapidly  as  it  is  produced. 

(179)  Ciraimslances  which  Infiuence  Evaporation. — In  iba 
process  of  evaporation,  the  vapour  is  supplied  ouly  from  the  super- 
ticial  layer  of  the  liquid.  It  is  therefore  evident  that  the  cxicot 
of  surface  exposed  roust  greatly  influence  the  amount  and  nipii!il|f 
of  evaporation,  independently  of  the  temperature.  Now  if  du 
evaporating  surface  be  iu  any  way  protected,  as  by  allowing 
small  quantity  of  oil  to  become  diflused  over  it,  evaporation  ii 
entirely  Bus|iended.  Advantage  is  sometimes  taken  of  thii  ftC 
iu  the  laboratoi-y,  in  cases  where  it  is  necessary  to  maiotaiu  agentli 
beat  for  many  hours  ;  the  vessel  to  be  heated  is  supported  in  I 
larger  one,  containing  water  upon  the  top  of  whieh  a  little  wl  \* 
been  poured ;  under  these  circumstances  the  danger  of  the  wil 
bath  becoming  dry  is  obviated,  and  the  temperature  required 
kept  up  by  a  smaller  expenditure  of  fuel,  because  the  escape  of  laW 
heat  by  evaporatiou  is  prevented.  When,  on  the  contrary,  a  r^ 
evaporation  is  necessary,  a  large  extent  of  surface  is  exposed.  I 
the  salt  works  of  Cheshire,  for  instauee,  the  brine  is  evaporated  i 
shallow  pans,  4  or  5  feet  wide  and  40  or  50  feet  in  length, iheft 
being  lighted  at  one  end  and  the  flue  passing  horizontally  uudt 
ncath  to  the  other  extremity.  At  Salzbui^,  in  the  Tyrol,  tl 
same  object  is  effected  by  pumping  the  weak  brine  into  resertoii 
whence  it  is  allowed  to  trickle  down  through  stacks  of  bruahwoo 
by  which  means  the  surface  exposed  to  evaporation  in  the 
almost  indefinitely  increased.  In  the  southern  parts  of  Eura 
the  sea-water  is  admitted  into  esteusive  shallow  pans  excavated 
the  sea  coast,  where  by  exposure  to  the  sun's  rays  it  becomea  a 
ceiitratcd,  and  the  salt  crystallizes  out. 

Another  circumstance  which  influences  the  rate  of  evaporali 
is  the  amount  and  nature  of  the  pressure  upon  the  surface  of  ' 
liquid.  Upon  this  subject  a  series  of  experiments  was  made 
Danicll.  Under  a  receiver  connected  with  the  air>pump,  he  ))Ui 
a  circular  dish  of  water,  2-7  inches  in  diameter,  and  eupport 
above  a  dish  contiuning  concentrated  sulphuric  acid, — the  objoct 


•  In  the  Appendix  to  Part  in.  wfiWrn  ^wni  •■'ttfdta,  ^■ntti'4«»  ■« 
of  nqaeoaa  vapoor  for  each  degree 'E.'Vjrt'weBwo' 6»a\wr.  


^J^BTAPORATION    UrJDEB    DIFFERENT    PttESSl'aES.        2G1)    ^H 

arid  being  to  absorb  the   aqueous   vapour  as  fast  as  it     ^| 
■fttcd ;  the  results  of  these  experiments  are  given  in  the     ^M 
table:-                                                                                     ■ 

Rale  of  Evaporation  under  Different  Pressures.                    ^| 

rKtnWT- 

E«po«(«l. 

PrwrarBfnlDche. 
of  M.TfpjrJ. 

E..g™.„.„ 

1 

1-24 
9-13 

ig 

o■^^ 

O'OT 

'933 

50-74 

Ume  in  each  experiment  was  30  luiuutes,  the  temperature 
It  is  obvious  that  the  rapidity  of  evaporation  under  these 
inces  was  inversely  as  the  pressure,  which  was  read  off 

gauge, 
resistance  offered  by  the  pressure  of  a  gas  or  vapour  upon 
ce  of  a  liquid  is  purely  mechanical ;  and  it  follows  as  a 
Dce  of  the  law  of  the  diffusion  of  gases,  that  the  quantity 
r  which  rises  from  a  volatile  body  in  a  confined  space,  is 

whether  tliat  space  be  filled  with  air  or  not.*    The  time 
eupied  before  the  space  shall  have  received  its  full  com- 
of  any  given  vapour  varies  inversely  with  the  pressure  ; 

different  vapours  under  similar  pressures,  the  time  varies 
diffusiveness   of  the  vapour.     The  vapour,  as   it   rises, 
own  elastic  force  to  that  of  the  air  present.     When  a 
Bporates  into  an  empty  space,  the  full  elasticity  due  to  the 
lire   and,  consequently,   the    maximum    density  of   the 
s  acquired  at  once ;  but  when  it  evaporates  into  a  gas, 
ree  of  density  is  not  acquired  until  after  the  lapse  of  a 
interval  of  time.     The  circumstance  which  in  both  cases 
[nits  the  evaporation  of  the  liquid,  is  the  pressure  of  its 
Bur  of  a  definite  degree  of  elasticity  upon  its  surface.     It 
bre  clear  that  the  larger  the  proportion  of  moisture  that 
Bcd  in  the  air  at  any  given  time,  the  smaller  will   be  the 
of  aqueous  vapour  that  rises  from  an  exposed  surface  in  a 
Be ;  and  that  in  proportion  as  the  space  is  more  nearly 
willi  vapour,  the  more  slowly  is  each  succeeding  portion 
r  produced.     Evaporation,  in  short,  is  more  rapid  in  a  dry 
a  moist  atmosphere.       For  the  same  reason,  evaporation 

iBult  iinda  that  thin  is  i)»t  abaolately  true. — the  tpiisioa  oraciueoug 
wr  bcinjt  alixlilly  less  than  in  vacuo,  but  the  difference  does  not 

more  ihaa 
id  Willi  the 
.oriacarb 

;  percent,  at  ils 
vapour  oF  etber. 
oaicMcid,  waa 

maximmn.    The  same  vVrng^-ww^woA 
the  tension  of  w^\cV  ^"^ik^Wt  \a.va. 

proceeds  more  rninilly  diiriug  a  breeze  tlian  when  the  air  U  sfi! 
lor  the  air  which  rests  on  the  surface  of  a  liquid  soon  becoma 
charged  to  the  ma\iiiiuin  witli  vapour,  aud  thcu  all  further  evapo- 
ration would  cease  were  it  not  for  cii-culatiiig  movements,  wliicb, 
even  in  the  stillest  air,  are  occasioned  by  the  change  of  density  du 
to  the  accession  of  moiatare  ;  the  currents  produced  by  a  breen 
assist  these  movements,  and  tlie  vapour  rises  into  portioua  of 
which  are  being  continually  changed,  so  that  the  pressure  of  the 
aqueous  vapour  on  the  surface  of  the  liquid  is  rapidly  removed. 

In  the  case  of  mixed  liquids,  Gay  Lussac  inferred  from  bis  ex- 
jieriments  that  the  tension  of  the  mixed  vapour  was  equal  to  the 
sum  of  the  tenaionfi  of  the  two  vapours  taken  separately.  Tliii, 
however,  is  true  only  for  liquids  which,  like  bisulphide  of  carbon 
and  water,  or  like  benzol  and  water,  do  not  sensibly  dissolve  each 
other;  in  other  cases,  as  the  experiments  of  Reguault  and  of 
Maguus  have  shown,  the  tension  may  scarcely  exceed  that  of  the 
more  volatile  liquid; — for  example,  in  the  case  of  a  niiiture  Of 
ether  and  water,  the  tension  is  scarcely  higher  thau  that  dnc  to 
ether  only.  If  tlie  two  liquids  be  soluble  in  each  other  in  iH 
jiroportions,  as  water  and  alcohol,  the  tension  of  the  mixed  vapoOT 
is  generally  greater  than  that  of  the  less  volatile,  but  less  du 
that  of  the  more  volatile  liquid. 

Evaporation  in  a  confined  space,  in  which  the  atmosphere 

kept  constantly  in  a  state  of  dryness,  is  often  resorted  to  in  tb 

Inlioratory.     Crystallizations    on    a    small    scale  are   freqneiitl 

effected    in  this   way ;   the  liqui 

e\'aporates,   and  is  absorbed  by 

surface  of  sulphuric  acid,  as  in  tl) 

experiment  of  Leslie   (17a). 

arrangement,    such    as    is    repn 

rented   in    fig.    135,  may   he  etn 

ployed  for  this  purpose.     Iti  tli: 

figure,  F   is  the  plate  of  the  aii 

pump ;  3   a  dish  of  oil  of  vitriol 

_  __  and  T  a  dish  siipported  by  the  irii 

IT'  triangle,  and  containing  the  sut 

dtauce  to  be  dried,  or  the  eoli 
tion  to  be  crystallised.  The  evajKiration  may  I)e  rendered  quiclte 
or  slower  according  to  the  extent  to  which  the  exhaustion  of  th 
receiver  is  carried.  Mauy  compounds  which  would  he  it^ured  I 
exposure  to  air,  or  to  a  moderate  temperature,  inny  be  dm 
effectualiy  in  tlds  mnmiCT. 
-As  a  necessary  couBCti«cucc  ol  tVe  c\ftv«*\'^««'  "Avxai 
»lia/fr  p»mo-  »■>  nvtM-  the    Rn\.\rc  Sttrf^gg  Q^  ftvfc_i;MCb,<&'^  *^ 
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B  IB  Bt  all  times  charged  with  moisture,  the  amount  of  which 

•etually  varj-ing,  but  it  is  almost  always  below  the  propor- 

(wbich  experiment  gives  as  the  maximum  density  for  aqueous 

r  due  to  the  observed  temperature.     It  is  owiug  to  the  cir- 

1  that  the  air  is  rarely  fully  charged  with  vapour,  that 

■dies  become  dry,  and  that  the  surface  of  the  soil,  although 

Tith  moisture,   yet   in   a   few  hours   or  days  becomes 

1  and  dusty.     By  the  process  of  evaporation  from  the  sur- 

r  Che  land  as  well  as  of  the  ocean,  a  natural  dislillatiou  is 

Kcontinufttly   effected,    by  which    a  perpetual   eireidation  of 

f  m  maintained ;  the  waters  conveyed  by  Jhe  rivers  into  the 

I  imperceptibly  into  the  atmosphere.     The  vapour  thus 

1  either  assumes  an  invisible  form,  or  it  floats  about  iu  masses 

;  these  are  at  length  arrested,  particularly  by  mountains 

wlevated   ridges  of  land,  and  being  condensed,  descend   as 

I,  and  supply  stores  of  water,  which  flow  down  the  sides  of 

ills  and  collecC  in  the  ravines,  or  else  are  absorbed  iuto  the 

B  strata.     The  waters  thus  absorbed  sink  iuto  the  soil  until 

^meet  with  a  bed  of  clay  or  some  other  stratum  impervious 

uiatnre  ;  by  this  they  are  arrested,  and  flow  along  its  surface 

I  ftey  hurst  out  as  springs  iu  the  valleys.      These  springs  in 

'  ttttir  turn  furnish  constant  supplies  to  the  rivers,  and  the  river*, 

afttr  irrigating  the    countries    through   which   they   flow,  again 

empty  themselves  into  the  ocean.     The  frequency  of  rain,  and 

'  :"nu»  other  meteorologicul  phenomena  of  the  highest  ijiterest  and 

iiV-nrtance, — in  fact,  many  of  the   great  peculiarities  of  climate, 

I '.  tnainlv  influenced  by  the  variations  iu  the  quantity  of  moisture 

licli  is  contained  in  the   atmosphere.     The   kuowledge  of  the 

I  entity  of  aqueous  vapour  which  exists  at  auy  given  time  iu  a 

'main  bulk  of  air,  becomes,  therefore,  a  problem  which  is  con- 

Uly  requiring  solution   for  meteorological    purposes.      lustru- 

I  employed  for  this  purpose  are  termed    hygrometers   (from 

PSc,  moist,  and  ^irpov,   a   measure).     Various   methods   have 

''«o  proposed  for  determining  the  proportion  of  moisture  iu  the 

;  the  simplest  and  the  moat  accurate  of  these  consisCs  in  the 

<iitenninatiou  of  the  dew  point. 

Ii8c)  Dew  Point. — It  is  evident  that  a  reduction  of  tempera- 
■  iff  iu  a  space  already  charged  to  the  maximura  with  vapour,  must 
ITuduce  a  deposit  of  moisture  in  the  liquid  form.      Such  a  result, 
ket,  accords  with  daily  observation :  for  example,  when  a  gh 

d  water  is  brought  into  a  warm   room,    its  surface  liecomes 

tved  with  moisture.     This  observation  has  Weu  vw^sitoowubW 

rf  to  aeeoant  for  the  purpose  of  determinmg  ft\c  i\\\MA\t^ 

■e present  in  ihe  air  at  an,v  giveu  lime.     IE  \\\c  cqW  \\Q^v»■^ 
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proceeds  moi^ 
for  the  air  w ., 
charged  to  th- 
ration  wouM 
even  in  the  - 
to  the  acct? 
assist  these 
which  are  i. 
aqueous  v.-n 
In  the 
periments 

sum   of    tl:: 

however,  i 
and  watc-i' 
other;  ill 
Magnus  1 
more  vol 
ether  ai. 
ether  on 
proporti' 
is  gciu'i 
that  of 
Evr 
kept  ci 
laborai- 


tion  ■ 
or  sj 
roct'i 
c\po> 
effect 


1  its  temperature  will  be  gra- 

vaaeh  is  formed  on  the  outside 

T-JI  become  less  and  less^  uDtil 

iff  with  a  sensitive  thermometer 

ixmation  of  dew  ceases,  tbe 

in  the  air  at  that  period  can 

ansorocted  for  tliat  purpose^  and 

UBCore  calculated.     If  the  tem- 

«  icted,  it  is  easy  to  determine 

hich  the  air  at  that  time 

.rmiparison  is  generally  made  bj 

which  it  is  possible  for  air 

at  the  time  of  observation 

jiaserred  dew  point  the  proportion 

bears  to  that  which  might  exist 

±r  example,  when  the  air  is  at 

iw  as  50°;  that  is,  the  tempe- 

_  ..M»  "3  ini  is  50°.     On  reference  to  the 

it  vapour  at  60°  amounts  to  cji8 

agnr  «  -  -^  *  *9^*'  ^  ®"^y  0*361 .     Now  the 
^i^T  vigortioned  to  its  tension,  therefore 


-  .*. 


:roo     :     a?     (^  ^95)' 
,c  jcno^phcric  saturation  at  the  time  of 


tinuai 


:  >  tfKraUe  also  to  know  the  actual  rate 

jT  rup  number  of  grains  of  water  which 

L  such  as  a  square  foot  of  water 

'.  iUBX  i^  i*  this  which  in  great  measure 

**    *,imL"5'2*®*  ^  ^^  atmosphere  upon  the  human 

■^jjy%.»!ti!t  exposed  to  its  action. 
***  t  f^^ri^iflfr.— The  method  of  observing  the 
^^ -rtiiB«*  jilwugh  it  affords  very  exact  results, 
''*Vy^  ?J  isiiwte  this  operation,  a  beautiful  in- 
^  y  3toi<^1,  and  termed  by  him  the  Lew- 
"l  jtfiBSS»  essentially  of  a  small  cryophoru3 
^^^  5mff  »w*^  ®^  water,  one  limb  of  which, 
****^  -  nr.  and  terminates  in  a  ball.  A,  made 
^  Impose  of  rendering  the  moment  at 
,^^ ooenn  more  readily  observable.  In 
ft  «  placed  a  sensitive  thermometer^ 


[n  constnictiog  the  ap- 
e  ether  is  boiled  to  exjiel 

\  the  inBtrument  is  her- 
lealecl  whilst  the  ether  is 
ig.  When  tlie  hygro- 
1  be  used,  all  the  ether  is  \ 
}  b  by  inverting  the  in- 
and  warming  the  buib  a 
■and ;  the  instrument  is 
in  the  clip  h,  on  the 

stimd  g.  On  allowing 
B  of  ether  to  fall  on  the 
i  rapour  within  the  ball 
!Dsed  by  the  reduction 
Itiire  occasioned  by  the 
wr&tioQ  thus  produced 
sr  Borface ;  fresh  vapour 

the  surface  of  the  ethur 
ickened   ball,   from    the 

I  elasticity  of  the  vapour  above  it :  the  temperature  of 
and  of  the  ball  in  contact  with  it  is  lowered,  and  depo- 
dew  commences  on  the   surface  of  the  black  ball   in 

of  a  ring,  which  coincides  with  the  level  of  the 
moment  that  this  occurs,  the  temperature  marked 
eluded  thermometer,  d,  is  observed.  It  is,  however, 
'  the  reduction  of  temperature  has  been  rapid,  that  the 
aX  may  not  be  perfectly  uniform  throughout  the  ether 
•k  bulb,  in  consequence  of  which  the  tempci-ature  indi- 
he  thermometer  d,  may  be  a  little  too  high ;  it  is  there- 

0  observe  the  temperature  of  rf  a  second  time,  at  the 
hen  the  ring  uf  dew  disappears,  during  the  return  of  the 
t  towards  the  temperature  of  the  surrounding  air,     Thia 

1  will  now  probably  be  slightly  too  low,  but  the  mean 
\  will  accurately  furnish  the  temperature  of  the  dew 
lie  temperature  of  the  atmosphere  at  the  time  is  indi- 
te thermometer  k. 

king  an  observation  the  hygrometer  should  be  placed  at 
iodow,  and  a  small  cardboard  screen  should  he  interposed 
;  two  bulbs,  to  prevent  the  vapour  of  the  ether  from 
to  tlie  atmosphere  around  the  blackened  bulb.  With 
,  the  instrument  will  yield  results  of  great  acciicaa^. 


WET    BULB    HYGBOMETB^ 

An  esceUent  faygTOtneter,  on  a  siiDil:ir  principle,  1 
table  construction,  has  been  used  by  Regnault. 

The  following  table  has  been  calculated  from  a  i 
teen  years'  diuly  observations  at  the  gardens  of  tha  I 
Society,  Chiswick,  near  London,  and  it  displays  very  i 
the  vast  amount  of  evaporation  vhicb  is  continually  occuri 
at  the  same  time,  the  great  fluctuations  to  which  its  averag 
is  liable  at  difiTcrent  seasons : — 

Average  rate  of  Evaporation  at  different  Seasons. 


feiled. 

Temp-'F. 

De«  Point 

Hud 

QiM.  j»r 

mount  of  Enp< 

Annual .    . 

Summer    . 
Winter.     . 

44-3' 
5456 
35^4 

837 

9'3 

8-00 
i6-8o 
3-84 

49'87 
10450 

The  full  amount  of  this  evapora 
takes  place  from  the  surface  of  w 
then  only  during  a  breeze. 

(181  a)  Wet  bulb  Hygrometer, 
methods  have  been  proposed  for  det 
the  quantity  of  moisture  present  ii 
mosphere.  Of  these  hygrometers, 
instrumcuts  are  called,  one  only 
noticed  here ;  it  goes  by  the  name  c 
bulb  hygrometer,  and  is  shown  at 
In  simplicity  of  action  it  leaves  nt 
be  desired,  as  it  consists  merely  of 
lar  thermometers,  s  s,  placed  side  b 
the  same  stand,  h  /;  the  bulbs,  b  6, 
are  covered  with  muslia,  and  one 
is  kept  constantly  moist  by  meai 
capillary  action  of  a  few  fibres  of  1 
vliich  connect  it  with  a  small  vei 
containing  water.  The  rate  of  cm 
and  consequently  the  depression  0 
raturc  of  the  moistened  bulb,  will  b 
in  proportion  as  the  atuio.sjihcre  ii 
from  its  point  of  saturation ;  and  tal 
been  given  for  determining  the  il 
saturation  for  nil  dUfercuccs  of  ten 
witbiTillie  ordinary  atmospheric  nun 


lay)  liave  shown  tliat  the  i nil tcatioiis  of  this  hy 
require  a  variety  of  corrections  which  canuoC  be  correctly  1 
.    The  ronniila  which  oa  the  whole  corresponds  best  with  I 
is  that  of  Apjohn  •  f  =  f  —  ',  x  I;,-     In  this  Jbr- 
is  the  tension  of  steam  at  tlie  dew  point,  /  is  the  tension  I 
at  the  observed  temperature  of  the  air,  d  is  the  difference   I 
perature   of  the  two  thennometers,  88  is   a  constant  co- 
for  the  !pe<rific  heats  of  air  and  steam,  p  is  the  observed 
of  the  barometer,  30  is  the  mean  heiglit  of  the  barometer, 
an  extensive  series  of  comparisons,  made  at  the  Greenwieli  ^ 
lory,  Ijetwccn  the  wet   bulb  hygrometer  and  Danictl'8 
it,  Mr.  Glaisher  concludes  that  the  dew  point  may  be  asctr-  I 
1^  multiplying  the  difference  between  the  temperature  of  ■ 
and  the  wet  bulb,  by  a  number  depending  upon  the  tern-  f 
of  the  air  at  the  time  of  observation. 
numbers  which  he  gives  are  contained  in  the  followii 


T»r""'^-r.} 

MnltipUM. 

Dwj  Bn1b,__         j 

Multiplier. 

below  24 

8-5 

35  to  40 

3-5 

»4  to  3.5 
astoaO 

7 '3 

40  to  45 

3'3 

6-4 

aCtoa; 
87  to  38 
ad  to  19 

50  to  55 

60  1065 

391030 

50 

651070 

1-7 

^1l 

70  to  75 

75  to  ho 
80  to  85 

"■5 

3-6 

"■5 

s^toas 

I'O 

33W34 

34W35 

the  tension  of  aqueous  vapour  diminishes  according  to 
18  of  a  geometric  progression,  whilst  the  temperature  falU 
e/if  progression,  the  elasticity  of  the  vapour  contained  i 
iphere  at  any  given  time  is  reduced  by  a  fall  of  temperature  ■ 
than  in  direct  proportion  to  the  fall  of  temperature ;  I 
ire  Deceasarily  happens,  that  if  a  current  of  heated  air,  J 
to  the  maximum  with  aqueous  vapour,  meet  a  current  otM 

the  iIbw  point  wuh  cnicnioted  by  Apjohn 'a  formula  from  the  ii 

of  the  wet  bulb  tliermoueter.  the  pxlreme  dilTereDceg  Trom  the  IriiM 
,  {itraiahed  by  Daniell'*  inslruTnenl.  were  found  in  two  years  AM 
u  to  be  — 3''-g  between  63°  and  70°,  and  +  3°'6  between  75°  sii4( 
It  the  extreme  differences  by  Glaisliet's  factors  are  — j't  ttetwee 
''jWtJ +5'^(5lw(ireen  15°  and8o°,— '"""'"'"  "  ■       " 
M  j/«o  Sobk,  Procfed.  Sou.  Soe.  v 
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LIQUEFACTION   AND    SOLIDIFICATION    OP 

cold  air  also  charged  to  its  inaximuni  with  yapour,  the  inl 
portions  of  air  at  the  mean  temperature  of  the  two  can  oiily  retain 
a  part  of  the  vapour  iu  the  iuvisiblc  conilitiou,  and  the  foramtitai 
of  a  cloud  or  mist  is  the  consequence.  For  example,  suppose  two 
equal  volumes  of  air,  one  at  60°  the  other  at  40°,  each  satunUd 
with  vai»ur,  to  be  intcrmiogled — tlie  temperature  of  the  intet^ 
mingled  air  would  be  50°.  Now  the  elastic  force  of  aqueous  vapour 
at  60°  is  0-518 ;  at  40°  it  is  0-247.  Th*^  mean  of  these  quautitio 
i8  0'382,  but  the  actual  elastic  force  of  vapour  at  50°  Uonlyojiu 
consequently  an  amount  of  vapour  represented  by  au  elastic  forte  Ot 
o'^Sa— 0361,  or  0021,  will  be  precipitated  in  the  form  of  a  dona. 
It  was  upon  this  principle  that  Hutton  accounted  for  the  formaUoB 
of  rain ;  and  so  far  as  it  goes,  the  theory  is  satisfactory :  then  Mt, 
however,  other  important  causes  concerned,  but  the  subject 
be  appropriately  discussed  further  iu  this  work. 

(183}  Liquefaction  and  Solidijication  of  Gases — ^''apours  fere 
formerly  considered  to  be  essentially  different  in  tlicir  naiure  (ron 
gases ;  but  comparatively  recent  experiments,  particularly  ihoM  tif 
Faraday,  have  shown  that  the  difference  between  gases  and  vapoiw 
is  merely  one  of  degree.  Under  his  skilful  manipulation, 
rous  gases  have  been  reduced  to  the  liquid  state,  nud  nut  a  few 
have  even  been  obtained  in  the  form  of  solids.  Some  few  of  to* 
gases  have  still  resisted  the  beat  devised  attempts  to  liqueiy  tliffli 
but  it  can  hardly  be  doubted  that  all  gases  may  be  regarded  as  til 
vapours  of  liquids  of  an  extremely  high  degree  of  volatility ;  ^ 
liquids  resulting  from  the  condensation  of  gases  boiling  at 
ratures  far  below  the  ordinary  atmospheric  range :  vapoiuw, 
contrary,  may  be  considered  as  tiie  gases  of  liquids  of  eomiaratirtsj 
low  volatility. 

Some  of  the  gases  are  liquefinble  with  much  greater  fact^ 
than  others ;  for  instance,  a  mere  reduction  of  the  terapemture ' 
0°  F.,  suffices  to  reduce  sulphurous  acid  gas  to  the  liquid  dxi 
Many  gases,  if  generated  in  strong  tubes,  under  the  prcssurt 
their  own  particles,  lose  their  elastic  form.  In  tins  way  cArbou 
acid,  cyanogen,  and  several  others,  have  been  liquefied.  Bat 
other  cases,  a  combination  of  the  pressure  obtained  by  mesns  of 
condensing  syringe,  with  the  applicatiou  of  an  intense  degreo 
cold,  has  been  requisite. 

Carbonic  acid  is  manufactured  iu  large  quantities,  and  rtoi 

up  in  the  liquid  form,  in  strong  wrought-tron  vessels.     The  ftpf 

ratus  used  for  this  pur|)ose  waa  devised  by  Thilorier.     A  niodifie 

tiouofit  is  represented  in  fig.  118.  Xt  cooaists  of  two  T«iy 

hollow  cvliuilurs  of  wrougUl  kovi,  owe  o^  "«\»)5a,  ii,»  «rat^»)«ik 


he     gas; 
,   B,  AS   a 

in  which 
emulated, 
utor,  A,  is 
ith  a  mix- 
Hb.  of  bi- 
of  soda 

of  wai-ra  ' 
l>rass  tube, 
aiug  lilb. 
vitriol,  is 
'  intro- 
i  the  head 
ipparatus, 
with    a 

of  peculiar  construction,  is  screwed  down  and  rendered 
leaden  washer.  The  generator  is  then  reversed,  bo 
PC  the  materials,  which,  by  their  reaction,  liberate 
und;  this  gas  accumulates  in  the  upper  part  of  the 
it  is  liquefied  by  its  own  pressure ;  a  strong  tube, 
ired  on  laterally  to  both  vessels  a  and  b,  and  connects 
rUier.  The  receiver,  a,  is  kept  cool  by  being  immersed 
g  ioe.  As  soon  as  the  stop-cocks  are  opened,  the 
pw  distils  over ;  the  Btop-cocks  are  then  closed,  the  vessels 

are   separated,   and   a   fresh  charge  is  introduced  into 
itor.    Tbe  same  ojMirationB  are  then  repeated,  until  a  suf- 

■tity  of  the  liquefied  gas  has  been  obtained.  Coramuni- 
the  stop-cock  of  the  receiver,  is  a  tube,  />,  which  passes 
ly  to  the  bottom  of  the  vessel,  and  terminates  in  an  open 
BO  that  as  soon  as  the  stop-cock  is  opened,  a  jet  of  the 
I  is,  by  the  pressure  of  its  own  vapour,  forced  up  tbe 
ibe,  b,  and  it  escapes  from  the  vessel  through  a  fine 

hich  is  screwed  to  the  stop-cock.  The  issuing  liquid 
ly  begins  to  evaporate  with  great  rapidity ;  by  this  means 
quantity  of  latent  heat  is  carried  off  in  the  escaping  gas, 
tlon  of  the  liquid  is  converted  into  the  sohd  form.  If 
iquiil  be  made  to  play  into  a  cylindrical  box,  n,  furnished 
I  apertures  for  the  free  passage  of  the  gas,  the  solidified 
W  collected  in  the  form  of  a  flocculeut  deposit,  of  snowy 
wbJcJi  gradually  evaporates  in  the  nit,  wiftioiiX.  ■oa&.et- 
ova  liquefaction.      This  may  be  seen  \>y  ^Wm^jft.^ft-W 


FHODCCTION    OF    COLD    BV    SOLID    CABBOCtlC 

flakes  of  the  acid  in  a  retort,  the  mouth  of  which  is  iinmersecl  ur 
water :  the  gas,  as  it  rises  m  bubbles,  can  thus  be  collected, 

If  means  be  taken  to  cut  off  the  supply  of  heat  from  external 
objects  by  placing  the  solidified  acid  in  a  glass  vessel,  i 
externally  with  flannel,  enclosing  this  in  a  second  glass,  and  covering 
the  whole  with  n  card,  and  thus  makiug,  in  fact,  an  extern [wranee 
ice-pail,  the  solidified  acid  may  be  kept  in  open  air  for  son 
hours.  As  will  readily  be  supposed,  the  temperature  of  thl 
solid  is  extremely  low.  Accordiug  to  the  experiments  of  Farad^ 
it  is  as  much  as  io6°  below  o°  F,  It  may,  notwithstanding,  bit 
handled  with  impunity,  and  may  be  put  into  water,  without  caiu* 
ing  the  water  to  freeze.  These  paradoxical  eflects  are,  howevei 
easily  explained.  Tlie  cold  acid  never  really  touches  either  t 
water  or  the  hand,  because,  owing  to  thc^  rapidity  with  which  I 
evaporates,  it  is  constantly  surrounded  by  a  badly  conducting  i 
mospliere  of  its  own  vapour :  but  if  it  be  really  brought  into  con» 
tact  with  any  solid  or  liquid,  which  may  be  done  by  moistening 
■  the  solid  acid  with  ether,  which  has  a  strong  adhesion  to  carbooie 
acid,  its  low  temperature  is  at  once  manifested,  and  this  low  ttw.' 
perature  is  maintained  by  its  contiunal  evaporation,  which  « 
stantly  carries  off  a  lai-ge  quantity  of  heat  in  the  latent  sta 
By  placing  some  mercury  in  a  basin,  pouring  on  it  a  small  qui 
tity  oFether,  and  addiug  a  little  solidified  carbonic  acid,  the  merct 
will,  in  a  few  seconds,  be  converted  iuto  a  malleable  solid,  aithoof 
before  the  metal  will  freeze,  it  is  necessary  that  the  temperattU 
be  reduced  as  low  as  —39°.  If  the  frozea  mercury  be  t 
ferred  to  a  vessel  containing  a  small  quantity  of  water,  the  1 
will  be  quickly  thawed,  but  spiculse  of  ice  will  be  formed 
showing  that  the  process  of  liquefaction  in  the  case  of  mercuiTiil 
in  all  other  instances,  is  attended  with  a  disappearance  of  heat. 
By  accelerating  the  evaporation  of  the  bath  of  carbonic  1 
and  ether,  Faraday  was  enabled  to  command  a  still  greater  redo 
tiou  of  temperature,  and  in  the  vacuum  of  the  air-pump  he  obtUDi 
by  this  means  a  degree  of  cold  which  he  estimated  at  —  166". 
such  a  cold  bath,  many  of  the  liquefied  gases  were  frozen,  1 
were  obtained  iu  the  shape  of  solids,  clear  and  transparent  as 
Among  the  numberwhich  assumed  this  form  was  carbonic  add  ill 

{Phil.  Tram.,  1S45,  p.  155.)      Even  without  the  aid  of  pwaW 

but  simply  by  employing  a  bath  of  carbonic  acid  and  ellicr  in  fl 
air,  tho  following  gases — viz.,  chlorine,  cyanogen,  animonia,  anl» 
/>hiiretted  lirdrogen,  arseuinrcttcd  hydrogen,  hydriodio  add,  bydR 
I  bromic  acid,  and  carbomc  »cW,  "vok  (^\.i\v.t^  w 
!  scaled  up  iu  lubes.    tVieluWst^iaiA-" 


nCATlOM    OP    GASE«n 

W,  ucut,  as  represented  in  fig.  iig;  to  these  tubes  brass  caps 


stop-cocks  were,  wlieii  necessary,  securely  attached, 
hj  meims  of  a  resinous  cement.  Tlie  cold  bath  was  applied 
■t  the  cunature.  When  pressure  was  requisite,  it  was 
obtained  by  the  employment  of  two  condeusing  syringea  ; 
the  first  had  a  piston  of  an  inch  iu  diameter,  the  second 
one  of  only  half  an  inch  ;  these  syringes  were  connected 
'17   a   pipe,   so    that   the   first   syringe    forced    the    gas 

-irongh  the  valves  of  the  second  ;  and  the  second  syringe 

-:is  then  used  to  compress  still  more  higlily  the  gas   which  had 

-In-ady  been  condensed  by  the  action  of  the   first,  witli  a  power 

in'iog  from  ten  to  twenty  atmospheres,* 

Natter«r  obtained  a  still   more  intense  degree  of  cold  than 
■  .it  produced   by  carbonic  acid  and  ether  in  vacuo,  by  mixing 

'.liid  protoxide  of  nitrogen  with  bisulphide  of  carbon,  and  placing 

!ii-  bath  t«  vacuo  ;  the  lowest  temperature  which  he  has  recorded 
.:  —310°  F.  Fluoride  of  silicon,  at  this  point,  became  a  trans- 
:sreoi   solid,  but  liquid   chlorine  and  bisulphide  of  carbon  pre- 

fted  their  fluidity.     {Liebig'a  Ann.  liv.  254,) 
In  order  to  estimate  the  degree  of  pressure  which  the  cou- 
-iisol  gas  exerted  upon  the  interior  of  the  vessel  in  which  it  was 

intained,  and  to  determine  the  force  requisite  to  overcome  the 
.ijiidave  energy  of  its  own  particles,  Faraday  made  use  of  small 

r.gauges,      which 

■^  enclosed  in  the  Fia.  130. 

'  -  Je«  employed  for 

'■"'      condensation 

•<■  130J.  Tliese 
.  ■ligcs  consisted  of 
.  !>oinewhat  conical  ' 

li'illaiy     tube     of 

-ii'«,   which    was    divided    into     parts    of    equal    capacity,    by 


>rcled  in  these  experiments  are  in  nil  probnbility 

They  were  estimated  bv  means  of  a  spirit  thermometer, 

degrees  below  31°  F.. '  i-qtinl  in  cnpaoity  to  iJiose  between  ji" 

'  e  ooatrai'tiou   o[  alcohol  is  more  rapid  nV  Vo-s  Vivau  ol  tLi^la 

tho  loirem  teiopetaturee  Bttnined  the  tt\co\io\\jecMQ«  %«\bc« 
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introducing  into  tlie  tube  a  globule  of  mercury  rfioi 
and  causing  it  to  occupy  each  part  of  the  tube  in  »u( 
the  length  of  the  little  cylinder  into  which  the  mei 
reduced  in  each  portion  of  the  tube  was  marked  upoo  the 
with  black  varuish.  The  mercury  was  then  transferred  tovardi 
the  vridest  extremity,  and  the  tube  was  sealed  at  its  narrow  eel 
A  known  volume  of  air  was  thus  included,  and,  by  the  n>iii|ir» 
sion  which  this  air  experienced  in  the  course  of  the  espenmeo^ 
(the  bulk  being  inversely  as  the  pressure)  the  claatic  force  of  lit 
gas  under  examination  was  easily  calculated.  It  is  remuluUB 
that  many  of  these  condensed  liquids  expand  upon  the  appUa&n 
of  heat  more  rapidly  than  the  gases  themselves.  It  has  Iwen  &Iai 
found  that  Marriotte'a  law  (26),  according  to  which  the  elastioty 
of  a  gaa  increases  directly  as  the  pressure,  although  correct  tot 
pressures  at  some  distance  above  the  point  of  condcnsatiou,  ioe* 
not  hold  good  as  this  term  is  approached ;  probably,  as  suggtattd 
by  Berzclius,  because  the  distance  to  which  the  particles  «t 
separated  is  not  suCGcient  entirely  to  overcome  the  cohesive  (wte, 
which  increases  in  power  the  more  neai-ly  the  point  of  ooudeiw- 
tion  is  reached  (see  nole,  page  38,  and  186). 

Although  indications  of  this   departure  from  Marriotte"*  liw 
have  been  observed  at  common  temperatures,  with  some  of  the 
more   condenaible  gases,  such    as  sulphurous  acid,  sulphnretteo 
hydrogen,  cyanogen,  and  ammonia,  it  was  most  distinctly  exhibiteil 
in  the  experiments  of  Cagniard  de   Latour  (Ann.  dc  Chiinie,  II- 
xxi.   and  isii).       De  Latour   partially   filled   some   strong  gW 
tubes  with  water,  with  alcohol,  with  ether,  and  with  some  otbcf 
liquids,    furnished    them    with   gauges,   and    hermetically    eaiti 
them.      He  then  cautiously  raised  the  temperature.     The  alcohol 
(sp.  gr.  0*844),  which  occupied  ^  the  capacity  of  the  tube,  gradoally 
expanded  to  double  its  volume,  and  then  suddenly  disappeared  in 
vapour,  at  a  temperature  of  497'''7  F-;  it  then  exerted  a  pressure  of 
about    119  atmospheres.      Ether  became  gaseous  at  392^,  in  4 
space  equal  to  double  its  original  bulk,  exerting  a.  pressure  of  37'j 
atmospheres ;  whereas,  if  Alarriotte's  law  held  good  in  these  casMt 
calculating  from  the  volume  of  vapour  which  a  certain  hulk  of  cadt  1 
liquid  yields  under  the  atmospheric  pressure,  ether  should  hare 
exerted  a  force  equal  to  about  ij;  atmospheres,  and  alcohol  of  at 
least  3 1 8.      Water  was  found  to  become  gaseous  in  a  space  equal 
to  about  four  times  its  original  bulk,  at  a  temperature  of  about 
773°  (that  of  melting  zinc).     So  great  was  the  solvent  power  of 
water  on  glass,  at  this  ViigK  te«i^at\«e,  "Avb-X.  \.\\ft  «A\Ut.\c«»,  of  a 
little  carbonate  of  soda  naa  iiccKBs,ar5  \o  i\vQ\v!:^*l<^«.*K.^in^i  w.'Saiv 


TTNDEK  PRESSURE. 

Treqweiitly  gave  way  uiitil  tliU  expedient  was  adopted. « 
ipours  cooled,  a  point  was  observed  at  which  a  sort  of  cloud  I 
i  tube,  aud,  iu  few  momenta  after,  the  liquid  suddenly  I 
ed. 

ill  be  seen  from  the  subjoiued  table,  that  even  after  the  I 
wholly  diaappeared,  the  increase  in  the  elastic  force  of  I 
',  as  the  temperature  rises,  is  as  rapid  as  before  it  had  all  I 
xl,  and  indeed  it  continues  to  increase  in  a  proportion  far  I 
ihau  that  which  would  he  produced  in  air  by  au  equal  ele- 
temperature.     Atmospheric  air,  under  a  pressure  uf  375 
res  at  3;o°F,,  would,  81482°,  exert  aforceof42'4,  and  at 
48-6  atmospheres,  whereas  the  corresponding  pressures  with 
e  863  and  130-9  atmospliercs.     In  the  ease  of  the  two 
its  with  ctlicr,  the  increase  in  elasticity  is  greatest  at 
le  tube  which  contains  the  smallest  proportion  of  liquid; 
because   the    inilueuce    of  coiieaive  attractiou  is    more  l 
ly  overcome   in   the   tube  which  admits  of   the  greatest  1 
the  particles  of  the  vapour  : — 
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Space  tnuBt  alwayB  be  allowed  for  tbc  fUB  expamJon  nf'ft 
liquid,  otlierivise  the  strongest  vessels  will  give  way, 

Fi-oni  the  foregoing  experiments  it  is  obnous  that  tliere  exitt 
for  every  liquid  a  temperature  at  which  no  amount  of  prcssme  ii 
sufficient  to  retain  it  in  the  liquid  form.  It  is  not  surprisng 
thereforej  that  mere  pressure,  however  iutense,  sbonld  fal  tt 
liquefy  many  of  the  bodies  which  usually  exist  id  the  fonn 
gases. 

The  following  table  embodies  the  results  obtained  by  Fands 
on  the  condensation  and  solidificatiou  of  the  gases.  The  wlid 
were  usually  heavier  than  the  liquid  portions  from  which  the 
separated : — 

Condetuation  and  SoUdijicalion  of  Gates. 


'•"it"' 


VmauK  in  Atawqihma. 


IB  Acid  . 


Sulphut 

Cyaaogea    

Hydriodio  Acid    .    .    . 

AmmoniB 

Sulptiuretted  Hjrdrogea 
Protoxide  of  Nitrogen  . 
CarboDio  Aoid     .    .    . 

KacUoriiie 

Hrdrobromic  Aoid  ,  . 
Ffuoride  of  Silicon  .    . 

Chlorine 

Araeniuretted  Hydrogen 
Fhospliuretted  Hydrogen 
OlefiantGas  .... 
Fluoride  of  Boron  .  . 
Hydrochloric  Acid    .    . 


The  diagram  which  follows  (fig,  131)  shows  the  curves  ini 
eating  the  increase  of  pressure  with  the  temperature,  from  Fai 
day's  tables,  lu  this  diagram,  the  vertical  lines  represent  the  < 
greea  of  temperature  on  Fahrenheit's  scale;  the  horizontal  lii 
show  the  pressure  in  atmospheres  exerted  by  the  coudensed  g 
I  correspond  to  the  gases 


The  numbers  attached  to  each  c 
the  uudcrmentioned  order : — 

1.  Fluoride  of  Boron.  1 

2.  Carbonic  Acid.  | 

3.  Hydrochloric  Acid. 

4.  Sulphuretted  Hydrogen.  , 

5.  Arseniuretted  Hydrogen, 


6.  Hydriodip  Acid. 

7.  Ammonia. 

8.  Cyanogen. 

9.  Sulphurous  Aril 
10.  Protoxide  or  "" 
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I  Faraday  remarks,  that  as  far  as  his  observations  go,  '  it  would 

r  tliat  the  more  volatile  a  body  is,  tlie  more  rapidly  does  the 

•  of  its  vapoor  increase  by  fiivtbcr  addition  of  heat,  comraen- 

I M  a  givcu  point  of  pressure  ;  for  all  these,  for  an  incrense  of 

!  from  two  to  six  atmospheres,  the   following  number  of 

I  require  to  be  added   for  the  different  bodies   named : — 

r,  69°  P. ;  sulphuroiis  acid,  63°  ;  cyanogen,  6^'^  ;  ammonia, 

3  araeniuretted  hydrogen,  54°;  sulphuretted  hydrogen,  ^^"'5  i 

iatic  acid,  43°  ;  carbonic  acid,  32°'5  ;  nitrous  oxide,  30°.' 

frhc  pressures  indicated  by  the  curves  in  fig.  131,  after  aU,iiTe 

ibly  only  approximations.     The  esperimenls  of  Caguiard  At 

p>ur  sliotr  that  under  these  enormous  preesutee.,  \Vc  Vi\:^  viV\i^ 


ned  has  %  W^^H 
.erts  wlien  n^^^| 
iiid  are  Min^ni 
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the  liquid  bears  to  the  space  in  which  it  is  coniined  I 
influence  upon  the  pressure  which  its  Tapour  exerts  v 
suits  of  diflerent  experiments  with  the  same  liquid  i 
at  the  same  temperatures,  and  before  the  liquid  haa  whcJIj 
assumed  the  state  of  vapour  ;  this  will  be  seen  by  compdring  tU 
two  columns  showing  the  elasticity  of  etlier  at  temperatures  lido* 
■^6()''  in  two  different  experiments  (page  281).  It  is  not  uiilikdy 
that  the  extraordinary  discrepancies  in  the  estimates  of  the  cU»- 
ticity  of  liquefied  carbonic  acid  given  by  Faraday,  Ttiilorier,  uid 
Addams,  are  due  to  this  cause.  Similar  differences,  to  a  less  ei* 
tent,  have  been  observed  in  the  case  of  sulphurous  acid  and 
cyanogen,  and  some  other  gases. 

Faraday  states,  as  the  results  of  his  experiments,  that  am- 
monia and  sulphuretted  hydrogen,  when  solidified,  each  runuBlwd 
a  white  trauslucent  mass,  like  fused  nitrate  of  ammonia:  euclilo- 
rine  gave  a  transparent  orange- coloured  crystalline  solid.  TW 
other  liquefied  gases  which  were  susceptible  of  solidification  firt- 
nished  colourless  transparent  crystalline  masses  like  ice.  Fhoft-i 
phuretted  hydrogen,  nitrous  oxide,  and  olcfiant  gas,  appearetl  e 
to  consist  of  a  mixture  of  two  gases,  one  considerably  more  cod- 
densible  than  the  other. 

Osygcn  remained  gaseous  under  a  pressure  of  2;  atmospheres, 
at  a  temperature  of-  166°  ;  and  a  pressure  of  58-5  atmospheres  al 
—  140"  was  equally  iuefTectual  in  producing  its  liquefaction. 
Nitrogen  and  binoxide  of  nitrogen  resisted  a  pressure  of  50  a 
spheres ;  with  carbonic  oxide,  a  pressure  equivalent  to  that  of  41 
atmospheres,  with  coal  gas,  one  of  32, — and  with  hydrogen,  one  0 
27  atmospheres,  was  applied  without  effecting  the  liquefartion  ; 
all  these  experiments,  the  temperature  was  maintained  at  — 166'. 
Owing  to  the  superior  diffusiveness  of  the  lighter  gases,  such  a 
hydrogen,  the  apparatus  began  to  leak  at  comparatively  low  pre* 
sures ;  and  thus  a  limit  was  placed  to  the  amount  of  pressure  t^ 
could  be  applied  to  tbem. 

{183)  Spheroidal  alaie  prodiiceil  by  Heal. — JInch  attention  ha 
of  late  years  been  excited  by  a  phenomenon  first  described  b 
Leidenfrost,  and  which  has  been  made  the  subject  of  careful  in 
vestigation  by  Boutigny.  The  following  experiments  will  iltos 
trate  its  character.  If  a  good  conductor,  such  as  a  sheet  ( 
metal,  be  heated  to  between  300°  and  400°,  and  water  be  allowe 
to  fall  UJ10U  its  surface,  the  liquid  docs  not  enter  into  ebullition 
hut  instead  of  wetting  the  surface  as  usual,  it  rolls  aliout  in  aplia 
roidaJ  tnacses  in  the  manner  shown  at  fig.  1 33 ;  the  tcmpenttu 


^Iieroitt  never  ri^iGs  to  tho  boiling 
i  of  the  liquid.     If  the  s 


Fig. 


e  source  of  heat 

kmuved,  the  tempernture  will  fall,  until 

a  at  length  reached  when  the  liquid 

f  bt^ns  to  bail  vehemently,  and  is 

in    all   directious    with    a    loud 

%  uoise. 

a  phenomenon  is  a  complicated  result  of  at  least  four  dis- 

luses.      Of  these  the  most  influential  is  the  repulsive  force 

Bch  heat  exerts  between  objecta  which  are  cloBely  approximated 

I)  each  other.     A  low    manifestation  of  this  action   has    been 

ilrcady  ntiliceil  when  speaking  of  the  effect  of  a   rise  of  tempe- 

-;tirc  in  producing  a  decrease  of  capillary  attraction  (50).     When 

'1'  temperature  reaches  a  certain  point,  actual  repulsion  between 

:■  particles  ensues:  this  fact  is  curiously  eieniplified  when  pure 

::"*,   in  an   extreme  state   of  division,   is    highly   heated;    the 

.fittest  motion  then  causes  the  particles  of  the  powder  to  slide 

Lr  each  other,  and  the  surface   of  the   jrawder  is  thrown  into 

'uliiLitions  almost  like  those  of  a  liquid.     Besides  this  repulsive 

lion  occasioned  by  heat,  the  other  causes  which  may  be   men- 

iW  as  tending  to  produce  the   assumption  of  the   sphcroidid 

ludition    by  the  liquid,  are  these  : — 1.  The  temperature  of  the 

'i.it^  is  BO  high   that   it  immediately  converts   any  liquid   that 

'  iiir-he*   it  into  vapoiu-,  upon  which  the  spheroid  rests  as  on  a 

:-liiou.     2.  This  vapour  is  a  bad  conductor  of  heat,  and  prevents 

1  rapid  conduction  of  heat  from  the  metal  to  the  globule.     3. 

i  1!^  evaporation  from  the  entire  sm-face  of  the  liquid  carries  otF 

<:'  heat  as  it  arrives,  and  assists  in  keeping  the  temperature  below 

■  L'  puiut  of  ebullition.  The  spheroidal  form  assumed  by  the 
■  iji,  is  a  necessary  consequence  of  the  action  of  cohesion  among 
If  particles  of  the  liquid,  and  the  simultaneous  action  of  gravity 
..  the  mass. 

Boutigny  finds  that  even  if  the  liquid  be  boiling,  its  tempera- 
!■  sinks  from  5°  to  7°  below  the  boiling  point,  a»  it  assumes  the 

■  iieroidal  form  at  the  moment  that  it  falls  on  the  heated  surface. 

All  liquids  are  capable  of  assuming  this  condition;  but  the 

■  mperatiire  to  which  it  is  ueccssary  to  heat  the  conducting  sur- 
!.nc  varica  with  each  liquid ;  the  lower  the  boiling  point  of  the 
'  [luJ,  the  lower  also  is  the  required  temperature.  The  exact 
1 1  -it  ii  dependent  partly  upon  the  conducting  power  of  tlie  plate, 
juii  partly  npon  the  latent  heat  of  the  vajjour  ;  the  tcm[»erature  of 

c  pUte  approaches  the  boiling  puiut  of  the  Wi^md  mote  cNqsji^'^  «a 
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the  latent  heat  is  less.    In  the  case  of  the  uadermeutiotiecl 
the  lowest  temperature  required  in  the  plate  was  found 
water,  340° ;  for  alcohol,  173°  ;  for  ether,  142°. 

Boutigriy  considered  the  tem(ieralurc  of  each  liquid,  whcc 
the  spheroidal  state,  to  be  as  definite  as  that  of  its  boiling  point 
and  he  gipea  20^"}  as  tlie  temperature  of  the  epheroid  of  witei 
lt^°^^  for  that  of  alcohol;  93°'6  for  that  of  ether;  and  i^'i  fi 
that  of  sulphurous  acid.  Boutan  has,  however,  shown  that  thei 
temperatures  arc  liable  to  slight  variations. 

Even  in  vacuo  the  spheroidal  state  is  observed  to  occur  wh( 
the  liquid  is  allowed  to  fall  upon  a  plate  sufficiently  hnte 
Solids  in  liquefying  in  hot  capsules,  pass  into  this  same  state,  u 
well  exempMed  by  throwing  a  few  crystals  of  iodine  upon  tl 
heated  surface.  Provided  that  the  hot  surface  he  a  sufScieiit 
good  conductor  of  heat,  the  nature  of  the  material  is  unimporUD 
Silver,  platinum,  copper,  and  iron  may  all  be  successfully  tut 
Mr.  Tomliuson  has  shown  that  even  one  liquid  may  be  throi 
into  the  spheroidal  form  on  the  surface  of  another,  aa  «sti 
alcohol,  or  ether,  on  the  surface  of  hot  oil ;  but  this  expcrime 
requires  care,  otherwise  the  water  sinks  iu  the  oil,  evaporation  " 
the  surface  ofthe  drop  is  prevented,  steam  is  generated  with  etpl) 
sive  violence,  and  the  hot  oil  is  scattered  about  in  all  directioiu 
If  the  hot  metal  be  sufficiently  massive,  a  large  body  of  w«l 
may  be  converted  into  this  spheroidal  state.  Boutigny  has  m 
gested  that  in  certain  cases  the  explosion  of  steam-boilers 
have  been  due  to  this  cause.  It  is  indeed  quite  possible,  althong 
such  an  occurrence  must  be  rare,  that  the  water  may  be  all  el 
pended  in  a  boiler  beneath  which  a  brisk  fire  is  maintained, 
that  the  mass  of  metal  may  become  intensely  heated.  On  t) 
admission  of  cold  water  under  such  circumstances,  it  would 
first  assume  the  spheroidal  state,  and  as  the  boiler  gradually  cooL 
down,  by  the  introduction  of  more  water,  a  sudden  antl 
trollable  burst  of  vapour  would  ensue.  The  safety-valve  in  sudi 
esse  would  be  inadequate  to  allow  the  needful  escape  for  the  tg 
mense  volume  of  steam  which  would  be  instantaneously  gcD 
rated,  and  an  explosion  would  probably  occur. 

By  tracing  the  effects  above  detailed  to  their  extreme  com 
quences,  some  singular  and  paradoxical  effects  have  been  product 
For  example,  liquid  sulphurous  acid  becomes  spheroidal  in  a  n 
hot  capsule  at  a  temperature  of  aljout  14°,  that  ts  18°  bctow  t 
&ecziug  point  of  water.  If  a  little  water  be  dropped  into  t 
Bpberoid,  the  temperature  of  the  water  is  instauUy  rcdoccd  bdi 
JtD  Gvezing  point,  and  a  mass  ot  ice  \a  toTaveft.  Vv^Mi  'Ooa  ^snA 
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""■iMc.     If  a  bath  of  solid  carbonic  acid   and   etlier  be  subsl 

i   for  the  sulphurons  acid   in  the  red-hot   capsule,   mercui 

.i;il  within  it  in  the  bowl  of  a  small  spoon  may  be  frozen  wil 

j.i!   certainty.     But  perhaps  the  most  marvellous  result  is  the 

liiity  with  which  the  moistened   band  may  be  plunged  for  &u 

.Hit  into  molten  lead,  or  even  into  east  iron  as  it  issues  from 

I'umace.     In  tliese  cases  the  adhering  moisture  is  converted 

I   vapour,    which  forms  an  envelope  to   the  skin,  sufficiently 

:i  ronducting  to  prevent  the  passage  of  any  injurious  quantity  of 

Liat  during  the  brief  immereiou.     An   ingenious  application   of 

tbia  principle  has  long  been  employed  in  the  glass-house.     In  first 

rodely  shaping  the  large  masses  of  glass  which  are  to  be  blown 

into  shades,  and  into  cylinders  which  are  afterwards  flattened  into 

i!ie  heaii-y  sheets  technically  termed  British  plate,  open  hemisphe- 

■ical  wooden  moulds  are  used  to  give  the  globular  form ;  in  order 

prevent   the  wood  from  being  burned,  the  workman  pours  a 

li.'  water  into  the  mould ;  it  protects  the  wood,  but  assumes  the 

midal    form,   and  neither   touches   nor  injuriously  cools  the 

■I'.tn  glass. 
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CHAPTER  VI. 


MAGNETISM    AND    ELECTRICITY. 


J 


^  Magnetism. — II.  Static  Electricity. — III.  Dynamic  or  Voltaic 
Ekctricily. — IV,  Electro- Mat/nelism. —  V.  Magneto-Electri- 
cili/. — ^'I.  Titer tno-Etectricity. — VII.  Animal  Electricity. — ■ 
\T11.   Diamagnetiam. 

(184)  The  FoiicEs  of  magnetism  aud  electricity  are  now  found 
lie  so  intimately  related,  that  it  is  hardly  possible  to  study  the 
;  rations  of  cither  separately. 

'Hie  power  of  the  loadstone  to  attract  small  pieces  of  iron  was 
'■o^iiised  as  a  remarkable  natural  phenomenon  for  centuries 
l-rt  the  Christian  era;  and  the  'pointing*  of  the  magnetic 
file  north  and  south,  was  early  applied  to  the  purposes  of 
I'^gation  by  the  Chinese ;  but  it  was  not  employed  for  that  pur- 
■■'■  by  European  nations  till  the  latter  end  of  the  fifteenth  cen- 
■'f.  The  property  of  temporarily  attracting  light  objects  which 
m\xT  acquires  when  rubbed,  was  also  familiar  to   the  Grecian 

Eers;  hut  it  iras  not  till  about  250  years  a^o  \.\ioX  Vj\'&«\. 


i 
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laid  tbe  foundation  of  electrical  science,  and  that  Otto  de  Gueritke 
and  Hnuksbee  contrived  the  first  electrical  machiiiea.  Nautictl 
men,  likewise,  had  often  observed  that  after  a  ship  had  experienced 
a  s'.roke  of  lightning,  the  compass  was  deranged  or  ita  poles  iter 
reversed  ;  but  it  was  not  until  the  year  1819  that  the  true  con 
uexiou  between  electricity  and  maguetism  was  pointed  out  b; 
Oersted,  wheu  he  published  his  memorable  discovery,  that  a  mag' 
netic  needle  if  suspeuded  freely  at  its  centre,  would  place  itself  a 
right  angles  to  a  wire  which  was  transmitting  an  electric  current 
After  the  publication  of  Oersted's  discovery,  the  means  of  obtain- 
ing powerftil  temporary  magnets  by  transmitting  electrical  cur 
rents  tlirougb  wires  coiled  around  masses  of  soft  iron,  or  in  othei 
words,  the  methods  of  preparing  electro- magnets,  were  speedily 
devised  ;  and  thus  the  dependence  of  magnetism  on  electricity  ia 
motion  was  shown  :  whilst  in  1831  the  completion  of  this  chaiq 
of  discovery  was  effected  by  Faraday,  who  announced  that  a  cur 
rent  of  electricity  might  be  obtained  in  a  closed  conducting  viit 
from  the  magnet,  by  moving  it  across  the  bne  of  the  conductor. 

In  its  chemical  hearings,  particular  importance  attachea  to  th« 
invention  of  the  voltaic  pile  or  battery,  by  Volta,  which,  in   the  1 
hands  of  Davy,  led  to  the  discovery  of  the  metallic  bases  of  I 
alkalies   and   of  the  earths,  and  effected  a  complete  change  iu  tlifl 
aspect  of  chemical  science.     In  later  years,  the  applications  of  tbj 
voltaic  battery  to  the  chemical   arts   of  gilding,  silvering,  xincin]^ 
&c.,  have  rendered   it  an  instrument  of  great  importance  in  tbt^ 
industrial  arts. 

^  I.  Magnetism. 

(185)  It  will  not  be  necessary  to  enter  fully  into  the  stitgoc 
of  magnetism,  but  a  few  remarks  upon  the  more  important  f 
liarities  of  this  force  will  materially  aid  in  fixing  upon    the   I 
clear  ideas  of  polarity  and  polar  action. 

Electricity  is,  like  magnetism,  a  polar  force,  and  the  j 
mena  of  chemical  affinity  also  fall  into  the  class  of  polai 

The  most  obvious  character  of  magnetism  is  seen  in 
of  attracting  masses  of  iron,  which  is  displayed  to  a  greatest 
extent  by  magnetized  bodies.     This  power  of  attracting  ■ 
first  observed  in   an  iron  ore  obtained  from    Magnesia 
Minor ;  hence  the  property  was  tenned  magnetism,  and  the  t 
ral  itself  was  named  the   lead-gtone  or  loailstonc.     A  steel  bttH 
rubbed  in  one  direction  with  the   load#touc  acquires  Bimilar-B 
pcvtin ;  when  poised  horizontally,  as  may  be  done  by  b 

iipou  a  point,  such  a  bat  wiiV  ^uVc  m^  u 'cvs.'ji.  y»\>iaft,  ^Ui  1 
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ESC^RitBB  of  the  earth  ;  iu  this  country  it  will  point  nearly 
south.  The  end  of  a  magnetic  har  which  points 
north  is  distinguished  by  a  mark,  and  is  hence  often 
med  the  marked  end  of  the  magnet.  This  peculiarity  in  the 
DBgnpt  of  taking  a  fixed  direction,  renders  it  invaluable  to  the 
tMrigator.  A  magnetized  needle  attached  to  a  card  marked  with 
the  cardinal  points,  and  properly  suspended,  constitutes  the  Toa- 
riner'i  compass. 

If  a  sheet  of  paper  be  laid  over  a  magnetized  steel  bar,  and 
inn  filings  be  evenly  sifted  npon  the  paper,  it  will  be  found,  on 
gently  tapping  tbe  paper,  tliat  the  particles  of  iron  accumulate  in 
t*o  groups,  one  around  each  extremity  of  the  bar  as  a  centre,  and 
tbat  from  these  pfliiits  the  filings 
trruige  themselves  in   curved    lines.  Fig.  133. 

wmenhat  resembling  those  shown  in 
fig.  133,  extending  from  one  end  of 
tbe  har  to  the  other.  This  cxperi- 
netit  shows  tbat  tbe  attractive  forces  i 
are  concentrated  at  the  two  extremi- 
ties nf  such  a  bar.  A  soft  iron  wire 
freely  suspended  at  its  centre   in   a 

boriiontal   direction,  will  he  attracted  indifferently  at  both  ends 

by  dther  end  of  ibe  magnetic  bar ;  but  if  a  second  magnetic  bar 

lie  poised  in  the  same  way  as  tbe  iron  wire,  it  will  be  found  that 

i»e  end  of  this  bar  will  be  attracted  when  the  magnet  is  brought 

neiir  it  in  one  direction,  whilst  the  same  end  will  be  repelled  if 

the  opposite  end  of  tbe  magnet  be  presented  to  it.     Farther  exa- 

uiiifttion  shows,  tbat  this  repulsion   take^   place  when  the   ends 

presented  to  each  otlier  are  those  which  would  naturally  point  in 

tbe  same  direction ;  two  north  ends  repel  each  other,  and  similar 

ii^niUion   ensues   when    two  south   ends   are   presented  to   each 

mW;  whereas,  if  the  extremities   presented  naturally  point   in 

""pofite  directions,  attraction   ensues  between  them ;   the  north 

'  iif  one  bar  attracts  the  south  end  of  the  other.      Thus  it  ap- 

•r>   that   there  are  two   kinds    of   magnetism  endowed    with 

I  tics  analogous,  but  opposite  to  each  other.     The  two  mag- 

■  forces  are  always  developed  simultaneously,  are  always  equal 

Lrnount,   but  are  opposite  in  their  tendencies ;  and   thus   are 

'■le  of  exactly  neutializing  each  other.      They  accumulate   at 

I -.le  ends  of  tbe  bar.     These  ends  arc  termed  the  poles  of  the 

;  ipt.     Forces  which  exhibit  tbia  rombiuation  of  equal  powers 

Lact  in  opposite  direatiaiis,  are  termed  po/or  /orcct. 

Tto  Moffttelic  Iiiduciion. — Magnetism  acts  l\iKfligy  coxi%\?vcx- 
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able  intervals  of  noa-mEignetic  matter  upon  bodies  bucIi  i 

which  are  susceptible  of  aiagaetism,  and  it  produces  a  tempo 

development  of  magnetism  in  such  magnetizable  Bubstance*. 

piece  of  soft  iron  brought  near  to  a  maguet  immediately  asau 

the  magnetic  state.     This  influence  of  the  magnet  operating 

distance  is  termed  magiieiic  induction,  and  it  i 

Fro.  134.      consequence  of  this  action  that  the  iron  ia  attm 

j^^^^^%;^    If  tbc   north  end,  n,  of  a  magnet,  l   (fig.  134! 

'MiLBMMayjjB^  presented  to  a  piece  of  soft  iron,  the  latter  becc 

I^^H^S    a  magnet  vith  its  poles  similarly  arranged ;  th 

'^^^liiiB>  ^  ^^^'  ^^'^  ^^^  ^'^^  acquires  in  the  extremit; 

««B  H    presented   to  tlie  permanent  magnet,  magnetisi 

1^  *   the  opposite   kind   to  that  of 'the  end,   n,  oi 

magnet,  l,  which  it  approaches.     The  soft  iron 
**  now  attract  other  pieces  of  iron,  s  n,  s  n,  and 

in  turn  will  act  upon   others  by  a   coutinualii 
s  the   inductive  force.     On  gradually   removiug 

,  permanent  magnet,  the  effects  diminish  as  thf 

tance  increasea,  and  at  length  disappear  altogc 
This  diminution  in  the  effect  takes  place  much  more  rapidly 
in  the  ratio  of  the  squares  of  the  distance  from  the  magnetic 
but  the  esact  law  has  not  as  yet  beeu  ascertained.  The 
character  of  magnetic  induction  may  be  seen  by  suspendiug 
pieces  of  soft  iron  wire  over  one  of  the  poles  of  a 
Fio- 135.  net,  s  (fig.  135)  ;  the  lower  ends  of  the  wires,  n,  m, 
each  other,  but  are  both  drawn  towards  the  magnet 
the  upper  extremities,  s,  a,  also  repel  each  other, 
this  mutual  repulsion  of  the  corresponding  eiida  0 
pieces  of  iron  which  causes  the  iron  fUiugs  (fig.  13 
distribute  themselves  iu  curves  around  the  magnet ;  i 
,  this  experiment  each  particle  of  iron  becomes  for  the 
•/  a  magnet  with  opposite  pules.  It  is  likevrise  in  e 
a  quence  of  this  polarity  that  a  number   of  pieces  oJ 

Is  iron  wire  under  induction  form  a  coutiiiuous  chaiu 
bar  of  soft  iron  placed  on  a  maguet  of  equal  diineii 
neutralises  its  uctiou  for  the  time ;  by  connecting  thi 
extremities  of  the  magnet,  it  diverts  the  induction  from  sum 
ing  bodies,  and  ci>iieciitrates  it  upon  itself.  On  the  other  ' 
the  induction  is  much  strengthened  if  tJie  magnetic  dm 
completed  (as  in  fig.  136)  hy  uniting  the  pieces  of  iroa  tntfH 
from  either  pole  by  the  cuuoccting  piece,  a  b.  Thia  iadticti 
amiataiaed  across  the  ^^Tcater  uumlier  of  bodies,  snch  hn  ■ 
tphuric  air,  gl«»»,  wood,  and  llue  melaia.    \t.\5,^My«w(«^\ai 
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^^Hhe  fntrrpOBition  of  iron,  cobalt,  and  nickel,        '¥\a.  136. 

^^Bh  are  themselves   powerfully  susceptible  of 

^^■mrtisin. 

^V  Magnetic  induction   differs   essentially  from 

^Metric  induction  (19S]  in  this  particular — viz,, 

^Hft  it  is  not  possible  to  insulate  either  kind  of 

^^netism  from  the  other.     For  instance,  if  one 

^^B  of  the   two  united  pieces  of  iron,  »  n,  s  n 

^^H  154)1  exhibit  the  properties  of  a  north  mag- 

^^■e  pole,  the  other  end  will  exhibit  those  of  a 

^^b   magnetic   pole ;  but   if  the   two  pieces  of 

^^K^  whilst  still  under  the  influence  of  indue*  ( 

^^E  be  separated  from  each  other,  and  then  the 

^^Knet   be  withdrawn,  both   pieces  of  iron  will  have   lost   their 

^^Kuetiam.     Again,  if  a  magnet  be  broken  in  the  middle,  it  will 

^^Bbe  separated  into  one  piece  with  a  north  and  another  with  a 

^^Hi   pole;    each    fragment 

^^H  still    possess    two    pules,  Fio.  137. 

^^■Kd  in  the  same  direction   g  us  jV     §_ s 

^^Biusc   of  the  original    bar  1  —^     ^  -^     *>  — ^ 

^H^  137}  ;  and  each  fragment 

^H^  again  be  subdivided  into  an  inde&nite  number  of  smaller 
^■Mjnients,  each  of  which  will  still  possess  a  north  and  a  south  pole. 
^^L These  phenomena  may  be  explained  by  supposing  that  a  mag- 
^^Vconsists  of  a  collectioti  of  particles,  each  of  which  is  magnetic 
^^H  endued  with  both  kinds  of  magnetism.  In  the  unmagnetized 
^^Btition  of  the  bar,  these  forces  are  mutually  combined,  and  ex- 
^^^k  neutralize  each  other :  but  when  the  mass  becomes  mag- 
^^^bed,  the  two  forces  are  separated  from  each  other,  though  without 
^^Bting  the  particle  with  which  they  were  originally  associated. 
^^B  two  halves  of  each  particle  assume  an  opposite  magnetic  con- 
^^Bn.  All  the  north  poles  are  disposed  in  one  direction,  whilst 
^^■Iie  south  poles  are  disposed  in  the  opposite  direction.  Each 
^^Hjde  thus  acquires  a  polar  condition,  and  adds  its  inductive 
^^■e  to  that  of  all  the  others :  as  a 
VHmsary  consequence  of  such  an  ar- 

iigemcnt,  the   opposite  powers  be- 

:;ie  accumulated  at  the  opiMwite  cx- 
U^cjuilics  of  the  bar.     If  in  fig,  138 

p  BED*]]  circles  be  taken  to  reprc- 
t  tbfl  ultimate  magnetic  particles,  the  portions  in  shallow  would 
B  the  distribution  o^  south  ma;^etism,  'k\i\\%^  Wc  *m.%V»A»,^ 

f  o/fAcpartiWes  ttould  show  the  diatrWmtvQa  ol  tvi'asjv^wTOi  «i 


138. 
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the  Opposite  kind.  Tliis  hypothesia  is  supported  by  (he  fact  tlal 
magnet  whilst  producing  induction  loses  none  of  its  force,  buto 
the  contrary  suSers  temporary  increase  of  power,  owing  to  tf 
reaction  of  the  induced  magnetism  of  the  sofl  iron  upon  it. 

(187)  Preparation  of  Magnets. — Pure  soft  iron  loses  its  mag. 
netism  as  soon  as  it  is  withdrawn  from  the  inductive  influentre; 
the  presence  of  certain  foreign  bodies  in  corahiuation  with  the 
particularly  of  oxygen,  as  in  the  natural  loadstone,  and  of  cBi 
as  in  steel,  enables  the  body  to  retain  the  magnetic  power 
neatly.     Hardened  steel  is  always  the  material  employed  in  1 
preparation  of  permanent  magnets :  it  is  not  susceptible  of  so 
tense  a  degree  of  magnetization  as  soft  iron,  but  when   induct 
has  once  been  produced  within  it,  the  effect  is  retained  for  aa 
definite  length  of  time.     The  development  of  this  power  in  il 
is  much  facilitated  by  friction ;  and  the  amount  of  force  thna 
veloped  is  greatly  dependent  upon  the  direction  in  which  the  6i* 
tion  is  perlbrmcd.     A  simple  method   of  magnetizing  a  Itar 
eists  in  placing  the  bar  on  its  side  and  bringing  down  upon  oncof 
its  extremities  either  of  the  ends  of  a  bar  magnet.     If  the  noHk 
end  be  brought  down  on  the  steel  bar,  it  must  be  drawn  alowlf 
along  towards  that  extremity  of  the  bar  which  it  is  intended  A 
possess  south  magnetic  force  ;  tins   operation   must  be 
three  or  four  times  in  the  same  direction.     A  more  efiectan] 
is  to  bring  down  upon   the  centre  of  die 
Fio.  139.  the  two  ends  of  a  powerful  horse-ahoe 

net,  as  represented  in  fig.  139 ;  the  Eonth 
being  directed  towards  tlie  end  of  the  bar  tl 
is  intended  to  possess  the  northern  polari^, 
and  vict  versd.     It  is  then  moved  along  tlw 
:  surface  from   the  centre,  alternately  toi 
either  extremity,  taking  care  nut  to  carry 
horse-shoe  beyond  the  extremities  of  the  bar,  and  to  withdraw 
horse-shoe  from  the  bar  when  at  its  centre,  c.     The  bar  is 
turned  over  and  the  process  repeated  on  the  opposite  side,  bat  if 
the  same  direction,  for  au   equal   number  of  times.     When 
bars  are  to  he  magnetized,  they  may  be  disposed  in  a  parallel 
rection,   the  extremities   being  connected  by  pieces  of  soft 
Both   the  poles  of  the   horse-slioe   are  brought  down  upon 
centre  of  one  of  the  steel  bars,  and  it  is  carried  round  the 
lelo^am  always  in  the  same  direction,  taking  care,  as  before,  lo 
uitbdrav  it  when  over  the  centre  of  one  of  the  burs.     In  the 
arnngemcni,  the  laductiou  o(  one  W  w^  u^n  and  cxalta 
I  ititcninty  oS  the  ainguelUm  cxcitwi  to  \Vo  'a'Cara:.    ^w  s>ai» 
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t  opposite  poles  of  magnets,  wIigd  Dot   in   use,  should   be 
*d  by  soft  iron  armalurea,  or  keepers,  so  that  the  continued 
ittou  sltaLl  muiotaiu  the  force  of  each. 

the   act  of  maguetization,  the  horse-shoe  loses  nothing  of 

(Oirer  ;  but  the  north  and  south   magoetistn,  which  are  sup- 

>  exist  in  every  particle  of  steel  and  iron,  and  which  in  the 

^netixed  condition  are  so  combined  as  exactly  to  neutralize 

ST,  appear  from  the  effect  of  the  induction  to  wliich  they 

*u  subjected,  to  be  permanently  disturbed  in  their  equili- 

1  the  newly- magnetized  bars.   The  more  intense  the  power 

I  horse-shoe,  the  greater  is  this  disturbance,  and  the   more 

1  are  the  magnets  which  are  produced, 
r  uniting  together  several  bar  magnets,  taking  care  that  the 
Bspouding  poles  of  each  are  in  the  same  direction,  mag)ie.tic 
»  of  great  power  may  be  obtained.  The  magnets  should 
1  as  nearly  as  possible  of  the  same  strength ;  because  if  one 
B  bars  be  weaker  than  the  others,  it  materially  dimiuishes  the 
r  of  the  whole,  and  acts  in  the  same  manner  as  a  bar  of  soft 
1  would  do,  though  to  a  more  limited  extent.  Aa  a  matter  of 
reoience,  the  bar  magnet  is  often  bent  into  the  form  of  a 
-shoe,  so  that  the  inductive  and  attractive  power  of  both 
inles  may  be  simultaneously  exerted  on  the  same  piece  of  iron ; 
the  effect  is  in  this  manner  much  increased,  and  the  weight  sus- 
tained by  the  two  poles  united  is  much  greater  than  the  sum  of 
'r:  two  weights  which  would  be  supported  by  each  pole  sepa- 
^.i^ly.  For  this  reason,  the  soft  iron  armatures  n,  s,  of  a  load- 
"lue  {fig.  IJ4)  add  greatly  to  its  power,  and  by  facilitating  the 
_  [ilication  of  the  keeper,  or  piece  of  soft  iron  which  connects  the 
■ '  >  poles  when  not  in  use,  prevent  the  loss  of  the  magnetic  power. 
(rSS)  It  has  been  mentioned  that  the  friction  of  a  steel  bar, 
whilst  under  induction,  facilitates  its  magnetization.  The  same 
effect  is  occasioned  by  percussion  of  the  bar,  or  by  any  other  mode 
nf  producing  vibration  in  it  whilst  it  is  iinder  m^netic  induction. 
Oil  the  other  hand,  if  a  bar  has  been  fully  magnetized,  its  force  is 
reduced  by  the  application  of  a  sudden  blow ;  even  the  simple  act 
of  scmt4^hing  the  surface  with  sand-paper,  or  with  a  file,  may 
BcrioDAly  inip^r  the  power  of  a  good  magnet. 

The  influence  of  heat  on  magnetism  is  remarkable.  If  a 
iteel  bar  be  ignited  and  placed  under  induction,  and  whilst  still  in 
thi»  condition  it  be  suddenly  quenched,  it  will  be  found  to  be 
]nwcrfully  magnetic.  Again,  if  a  steel  magnet  be  ignited,  and 
alluwed  to  cool  sloirly,  all  its  acquired  mag&e^%m  m\i,  \i^Nft  &«,- 
appeared.     Elevation  of  lemperature,  tbetetore,  cirAsoSN.^  Ssk\av«4 
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the  transfer  of  magnetic  polaritj  within  its  particles.  Fiuth»,  n 
the  temperature  of  a  piece  of  iron  be  raised  to  redness  (sboot 
looo"  F.),  it  vrill  become  indifferent  to  the  presence  of  it  mftgnetiil 
needle,  though  on  again  cooling  it  will  be  as  active  as  before.  1 
Bimilar  effect  is  produced  upon  cobalt  at  the  temperature  of  melt- 
ing copper.*  Nickel,  at  a  much  lower  temperature,  loses  it*  uto 
upon  the  magnet,  as  at  600°  it  exerts  scarcely  any  attractive  efieet 
oil  the  needle.  So  great  is  the  influence  of  temperature  upon  ■ 
magnetic  bar,  that  at  the  boiling  point  of  water,  the  (UminutioD  ti 
its  power  is  perceptible  by  the  rudest  tests.  If  the  tcmperatiin 
do  not  exceed  213°,  the  magnet  regains  its  force  on  cooling.  Oil 
tlie  other  hand,  by  artificially  cooling  a  magnet,  its  power  for  the 
time  is  exalted. 

(i8y)  The  simplest  method  of  aBcertaining  the  intensity  erf  du 
power  of  a  magnet,  consists  in  attaching  to  its  armature  a  ■ 
pan,  and  ascertaining  the  amount  of  weight  which  it  wiU  1 
port ;  but  it  is  obvious  that  this  plan  is  not  susceptible  of 
high  degree  of  accuracy ;  it  is,  moreover,  in  many  cases,  quite  nk> 
applicable.  A  still  easier,  and  more  generally  useful,  because  fa 
more  accurate,  method,  consists  in  suspending  the  magnet  deli« 
cately  by  a  few  fibres  of  silk,  and  allowing  it  to  take  a  6xci  di> 
rection  under  the  influence  of  a  standard  magnet :  it  is  then  di» 
placed  from  its  position  of  equilibrium,  and  the  number  of  oeci)* 
lations  which  it  describes  in  a  given  time  is  counted.  The  reUtivt 
intensity  of  the  power  of  two  or  more  bars,  which  may  thus  be 
compared,  is  proportionate  to  the  square  of  the  number  of 
tions  performed  in  equal  intervals  of  time.  For  estimating  krf 
degrees  of  power,  the  torsion  of  a  glass  thread  (as  employed 
Coulomb's  electrometer,  196}  may  be  used.  The  mutual  actios 
two  magnets  is  inversely  as  the  square  of  the  distance  between  thi 

(190}  Magnetism  of  the  Earth—The  Dip. — The  remarkable 
fact  of  the  pointing  of  the  needle  towards  the  north  pole  of  tbo 
earth  has  been  explained  upon  the  hypothesis  that  the  globe  of  the 
earth  itself  is  a  magnet,  the  poles  of  which  are  situated  nearly  la 
the  line  of  the  axis  of  rotation ;  the  magnetism  of  the  eartfa'a 
north  pole  being  of  the  same  kind  as  that  of  the  unmarked  end 
the  magnet.  If  a  small  magnetised  needle,  «  m,  be  freely 
pended  horizontally  by  a  thread  over  the  equator  of  a  sphere  (I 
140)  nine  or  ten  inches  in  diameter,  in  the  axis  of  which  a 
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I  •  Faraday  has,  bowever,  shown  lUal  iu  the  case  of  cob«lt  iti  r    „ 

poirer  iDcreEsea  aa  the  temperetore  rises  woVft  \^  tets^w*  »fea>iV  ^prf" .^1^4 
vhieh  it  flowly  diminiaheB  and  tX  leTigVU^ieccraie*  iicBaM  ct»»s«*«a..  v;J» 
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,  is  placed, 
jp  needle  will,  when  the  axis 
rlorizonta],  as  in  No,  i, 
north  and  south,  and 
Q  preserre  its  horizontal  po- 
for  it  ie  equally  at- 
1  by  the  north  and  south 
rittea  of  the  bar ;  but  if 
B  of  the  poles  of  the  sphere 
ide  gradually  to  approach 
!f  needle,  as  at  2,  that  end 
kh  previously  pointed  to- 
1  this  pole  will  begin   to 

e  downwards,  or  to  dip,  until,  when  situated  exactly  over  the 
i  its  direction  will  become  vertical.  On  bringing  the  opposite 
'  pole  towards  the  needle,  similar  phenomena  are  repeated  with  the 
end  of  the  needle.  Similar  phenomena  are  also  exhibited 
when  a  magnetic  needle,  poised  horizontally  at  the  equator  of  the 
'ifth,  is  carried  towards  cither  of  its  poles.  A  needle,  therefore, 
Liioh  when  uumagnetized  is  ao  poised  aa  to  assume  a  horizontal 
j^|^ition,  in  the  latitude  of  London,  appears  to  become  heavier  at 
its  Diarked  end  by  the  process  of  magnetization.  An  instrument 
liy  means  of  which  the  angular  amount  of  this  inclination  can  be 
tcctirately  observed,  ia  called  a  dicing  Tieedle, 

(191}  Declination,  or  Variation. — In  each  hemisphere  there  ia 
k  single  point  at  which  the  dipping  needle  standa  vertically,  i.e.. 
There  the  dip  is  90°.  In  the  northern  hemisphere  this  point  is 
situated  in  about  96°  40'  W.  Ion.  and  70"  14'  N.  lat. ;  the  point 
vhere  it  would  be  vertical  in  the  southern  hemisphere  being 
nearly  in  73°  S,  lat,  and  130'  E.  Ion.  Tlie  line  of  no  dip  does 
""t  correapond  to  the  earth's  equator ;  it  forms  an  irregnlar  curve 
iii'lined  to  it  at  about  1 2°,  and  crossing  it  in  four  places.  This 
HKa  &oro  the  fact  that  the  magnetic  system  of  the  earth  ia  much 
;  .I'fc  complicated  than  is  represented  in  the  foregoing  paragraph. 
[:)ftead  of  being  single,  it  appears  to  be  double,  as  was  first  pointed 
"it  by  Halley,  and  in  neither  of  these  two  systems  docs  the  mag- 
rutic  axis  coincide  with  the  aws  of  rotation  of  the  earth.  Conse- 
I'Jtntly  in  most  places  the  needle  does  not  point  to  the  true  geo- 
;riphical  north.  At  the  present  time  the  needle  in  London 
V^iuts  nearly  22°  west  of  north.  This  deviation  from  the  true 
aorth  is  termed  the  varialion  or  declination  of  the  needle. 

In  the  northern  hemisphere  there  are  4  lines  of  no  declination ; 
"0  of  wbicb  may  be  considered  to  pass  tbroug\v  V\vc  ^\w\.  cS.  y^ 
■'  t^p,  and  two  othera  which  do   not  pass  l\aou^i  ^\*  -^vcA.. 
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These  4  Hues  of  no  declination  have  reference  to  a  double  Iftdgi 
system  of  which  the  two  points  of  maximum  force  in  the  NorU 
licmiaphere  are  rcsuItaotB ;  and  these  points  were  called  by  Ha 
magnetic  poles.  They  do  not  correspond  to  the  points  of  (^ 
dip,  whicli  have  also  been  called  magnetic  poles. 

It  is  remarkable  that  the  declination  of  the  magnetic  need! 
not  constant  at  the  same  spot.  In  the  year  1657,  the  no 
pointed  due  north  at  London.  It  then  gradually  assumed  a  di 
nation  to  the  west,  which  continued  to  increase  until  xbout 
year  1840,  at  which  time  the  variation  to  llic  west,  in  London, 
nearly  25°;  since  this  period  it  has  been  gradually  retun 
towards  the  east,  and  is  now  {Not.  1859)  31°  36' W.  at  Kew. 
rate  of  its  motion  differs  in  different  parts  of  its  progress,  bw 
ing  slower  as  it  approaches  the  point  of  retrogression;  at  pre 
it  is  about  6'  annually.  Independently  of  these  gradual  and 
gressive  changes,  the  vanatiou  is  subject  to  diurnal  movemeni 
very  small  amount :  north  of  the  magnetic  equator  in  Euglttnd 
the  middle  latitudes  the  north  end  of  the  needle  moves  slowly « 
ward  in  the  forenoon,  and  leturns  to  its  mean  position  about 
in  the  evening.  Connected  with  these  alterations  are  corresp 
iug  frariatious  in  the  dip,  which  during  the  last  fifty  years  bw  I 
observed  in  London  to  diminish  annually  about  3''6.  From  ot 
rations  made  at  the  Kew  Observatory,  the  dip  is  now  (Nor.  xJ 
68°  22'. 

(192)  The  intensity  of  the  earth's  magnetism  is  also  fbnn 
vai'y  at  different  points  of  the  surface,  but  the  law  of  its  incr 
lias  not  been  clearly  determined :  the  line  of  minimum  intensity 
magnetic  egualor,  as  it  is  sometimes  called,  is  in  the  viciuity  of 
geographical  equator,  but  does  not  coincide  cither  with  this  or  * 
the  line  of  no  dip  :  it  forms  an  irregular  curve  cutting  both  of  t) 
lines,  Tlie  points  of  greatest  iutensity,  moreover,  do  not  coin 
with  those  at  winch  the  dipping  needle  is  vertical.  The  htg 
degree  of  intensity  that  has  been  actually  measured  is  S'OjS, 
lowest  0706.*  Both  the  maximum  and  minimum  b«re  ji 
tioiied  arc  in  the  southern  hemisphere.  If  it  be  supposed  thaX 
globe  be  divided  by  a  plane  passing  through  the  mcridtaus  of  I 
and  280°,  the  western  hemisphere,  comprising  America  and 
Pacific  Ocean,  presents  a  higher  intensity  than  the  eastern  ;  but 


•  The  unit  of  iatenaih' uaed  in  the  text  ia  that  pru]  ■ 
dnivoJ  from  the  value  oFm  partioulw  raagiiet  which  hv  ■ 
Uter  magnetic  observfttiou*  Uic  unit  of  Inleiuitj  tiiiii' 
recommended  by  the  B''ysl  Society,  tii.i  a  nfcond  of  ii'ii  1 

aad  H  ^ain  oF  mus.    The  tDftgnuUo  intensitj  u^n  this  acaia  | 
i)  at  pTMeat  io'j.  ■ 
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e  of  fte  northern  and  of  the  southern  hemisphere  is  equal. 
(  northern  hemisphere  there  are  two  points  of  masimiim 
aity,  the  most  powerful  being  in  North  America,  and  deter- 
■■nined  by  Lefi-oy  in  1843-44,  to  be  situated  in  53°  19'  N,  lat. 
92°  W.  Ion.,  the  intensity  being  igg.  The  weaker  masimnra 
«8  found  by  Hansteeu  in  1818-29  in  Siberia,  in  120°  E,  Ion. 
»ilh  an  intcusity  of  176.  Sir  James  Boss,  in  1840-43,  found  the 
priucipal  niaximum  in  the  southern  hemisphere  in  about  the 
nendian  of  134°  E.  and  a  few  degrees  North  of  the  Aiitaretic  eirele, 
¥biUt  the  weaker  maximum  in  the  southern  hemisphere,  according 
to  Sabine,  is  aliout  130°  W.  The  intensity  of  tlie  magnetic  force 
^^JUuidoii  is  now  i'37a. 

Tbe  intensity  of  the  earth's  magnetism,  like  the  variation  and 
I,  is  found  to  sufier  periodical  changes.  Besides  these 
r  variations  of  the  magnetism  of  the  earth,  other  irregular 
us  have  been  observed.  These  have  been  termed  magjietic 
•  they  are  indicated  by  sudden  and  considerable  distur- 
1  of  the  maguetic  instruments,  of  short  duration,  which  are 
[f  jiioceti  by  some  widely  acting  causes,  as  these  disturbances  have 
'  «Q  notined  simultaneously  at  very  distant  parts  of  the  earth's 
'iirfoce.  In  extreme  cases,  the  diminution  of  the  magnetic  inten- 
flly  during  the  '  storms'  has  amounted  to  a  large  proportion  of  its 
total  force,  Sabine  considers  that  these  magnetic  storms  are  con- 
BECted  with  changes  in  tlie  solar  atmosphere,  which  are  indicated 
hy  variations  in  the  number  and  form  of  the  spots  upon  the  sun's 
di»k;  their  epochs  of  maximum  recurring  at  decennial  intervals, 
»ith  epochs  of  minimum  intensity  occutTiiig  midway  between  each 
maximum.  These  intervals  coincide  with  the  decennial  epochs  of 
Butimum  and  minimum  of  the  solar  spots  observed  by  Schwabe.* 
Since,  then,  the  earth  may  be  looked  upon  as  an  immense 
tugaeX  of  small  intensity,  it  is  natural  to  expect  that,  under 
hraurable  circumstances,  magnetic  induction  should  arise  from  its 
uAoeoce.  Such  effects  are  iudeed  continually  obser^•ed.  If  a  soft 
iren  bar  be  placed  in  the  line  of  the  dip,  it  acquires  temporary 
B^Detic  properties,  the  lower  extremity  acting  as  the  marked  pole 
of  ■  magnet  upon  a  magnetized  needle,  while  the  upper  extremity 
•fU  as  the  unmarked  poie.  By  reversing  the  position  of  the  bar, 
"Q  eod  which  is  now  the  lower  will  still  possess  the  magnetism  of 


;ijlar  corroboration  of  this  theory  is  afforded  bj  an  obserrstioa  of 
■■111.  who  was  watrliiug  a  large  apot  aa  the  suoon  1st  Scptcmbor, 
'ily,  at  I  !*■'  jo'  a.m.,  a  briglit  spot  was  seen  in  the  middle  of  th« 
111*  appearance  Insted  For  about  ton  minales,  and  a  corresponding 
in  time  and  daratioo  was  indicated  by  the  aoV^te^s\.*«m^  «i;i^- 
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the  marked  pole.  A  bar  of  steel,  such  as  the  poker  or  tongs,  which 
is  kept  in  a  vertical  poeition  (a  line  iu  thia  latitude  not  far  remoreJ 
from  that  of  the  dip),  is  from  this  cause  frequently  fouud  to  be 
permanently,  though  weakly,  magnetic.  It  is  to  the  same  ctui 
operating  in  the  same  direction,  upon  the  loadstone  througb  the 
lapse  of  ages,  that  its  polarity  is  to  be  asciibed. 

If  a  steel  bar  be  made  to  vibrate  while  placed  in  the  line  of  th! 
dip,  as  by  giving  it  a  smart  blow,  it  is  magnetized  etili  morepowtt- 
fully,  and  this  effect  may  be  still  further  increased  by  the  inductiw 
influence  of  other  masses  of  iron  placed  in  contact  with  it.  Thm 
by  allowing  a  steel  bar,  supported  in  the  Hoe  of  the  dip,  to  itil 
upon  an  anvil,  and  striking  it  strongly  with  a  hammer,  it  becomo 
decidedly  magnetized.  AU  permanent  magnetism  may,  however, 
again  be  removed  from  it  by  placing  it  acrosn  the  line  of  dip,  Uffl 
etriking  it  two  or  three  blows  as  before. 

Iron,  nickel,  and  cobalt  are  the  only  substances  which  are  powo* 
folly  magnetizable;  but  a  Busceptibility  to  magnetism  in  a  modi 
feebler  degree  has,  by  the  researches  of  Faraday  and  others  (i'i), 
been  proved  to  exist  in  a  variety  of  other  bodies.  Before  descnb- 
ing  the  method  in  which  these  eiperiments  were  condnrted,  it 
will  be  necessary  to  examine  the  leading  phenomena  of  electrid^i 
and  these  will  now  be  considered. 

§  IT.  Static  Electricity. 
(193)  The  roRCE  of  electricity  is  one  of  those  subtle  and  Jl 
pervading  influences  which   arc   intimately  connected    with  llnj 
operations  of  chemical  affinity.     Indeed  some  of  our  most  eminent 
philosophers  have  been  disposed  to  regard  electricity  and  chemidt 
ikffiiiity  in  the  light  of  different  manifestations  of  the  same  agent. 
For  upwards  of  2000   years   it   bas   been   known    that  wlUB 
amber  is   rubbed   upon   such   bodies  as   fur,  or  wool,  or  nlk,  it 
acquires  for   a   short  time  the   property  first  of  attracting  liflit 
objects,  such  as  fragments  of  paper  or  particles  of  bran,  and  bAcK 
wards  of  reiielling  them.     Until  about   260  years  a^o,  amber  n 
the  only  known  substance   by  which  such  effects   wcj«  prodnttl 
About  that  time  Gilbert  discovered  that  a  number  of  other  boduf 
sucb  as  glass,  scabng-wax,  and    sulphur    might  be  made  to 
similar  motions.     The  power  thus  called  into  action  ha»  bccD 
tlcetrUity,  from  nXtKrpov  (amber),  the  body  iu  which  it  was  fii 
obscncd.     Indrpcudeutly  of  its  origin   in    friction,  it  has 
fouud  that  electricity  is  liberated  by  chcmicsd  action,  by 
vital  oprrotions,  by  heat,  by  magnetism,  by  compression,  and 
I    Act  bjf  almost  every  inotioi\  iVal  occ\Mci'a\«&*0Mi.^M*i5Jl  'into' 
I  iicctricity  ueither  ii«;rea»e»  ■&«  A\miiusi»»  ^^^^  -seo^  ^^-'^wJ^ 
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p  it«  influencp,  and  neither  enlarges  nor  reduces  tteir  }m1lE4 
ioiy  be  excited   in  all  substaiicea,  may  be  communicatee!  from 
» electrified  or  excited  body  to  another  previously  in  a  neutral 
or  uaelcctrified  condition,  and  it  may  be  stored  up  for  the  pur- 
[fises  of  esperimeut. 
I  (194)    Two   kinds  of  Electricity. — A  very  simple  contrivai 

^uB  tti^ce  for  examining  the  fuDdamental  phenomena  of  elei 
^Kdeveloped  by  friction  : — 
^K   Soften  a  little  sealing-nax  in  the 
P  lune  of  a  caudle,  and  draw  it  out  into 
I    I  thread   8  or  10  inches  long,  aud  of 
r    the  thickness  of  a  stout  knitting  pin. 
Aitach  to  one  end  of  it  a  disk  of  paper 
..''out  an  inch  square,  as  represented  in 
.^.  141 ;  suspend  this  rod  and  disk  by 
i-ans  of  a   paper    stirrup  and   a  few 
i.bres  of  uiDtpun  sdk  from  a  glass  rod 
"\L'd  horizontally  to  some   convenient 
sujjport.     Now  rub  a  stick  of  sealing- 
"m  with   a   bit  of  dry    flannel,    and 
Wiiig  it  near  the  paper  disk  :  the  disk 
"ill  at  first  be  strongly  attracted,  and 
■  11  then  be   as  strongly  driven  away, 
^\  liilat  it  is  in  this  condition  of  repul- 

111  by  the  wax,  bring  towards  it  a  warm  glass  tube  that  has  been 
Mbbed  with  a  dry  silk  handkerchief;  the  disk  will  be  immediately 
-Hr.icted,  and  in  an  instant  afterwards  it  will  again  be  repelled, 
i'lit  it  will  now  be  found  to  be  attracted  by  the  was.  It  is  therefore 
udeiit,  that  by  the  friction  of  the  glass  and  of  the  wax,  two 
Liilar  but  opposite  powers  are  developed.  A  body  which  has  been 
iirrtrified  or  charged  with  electricity  from  the  wax  is  repelled  by 
'■;c  wax ;  but  it  is  attracted  by  the  excited  glass,  and  nice  versd. 
'■  1  order  to  distinguish  these  two  opposite  powers  from  each  other, 
'i.-Lt  power  which  is  obtained  from  the  glass  has  been  termed 
■..'.rtout  or  positive  electricity;  that  from  the  wax  retinout  or 
KMtive  electricity. 

*t  us  suppose  that  the  paper  disk  has  been  charged  by  means 

e  glass  tube,  so  that  it  is  repelled  on  attempting  to  bring  the 

I  Dear  it ;  this  state   will   be   retained  by  the  disk  for  many 

This  contrivance  forms,  in  fact,  an  electroscope,  for  it 

»  a  means  of  ascertaining  whether  a  body  be  electrified  or 

Lud  eren  of  indicating  Che  kind  of  e\ectricll^.     %^^^^«K  'On.%.^ 

Kr  taepected  to  be  electrified  is  brougbt  neat  l\\e  i\^,  ■«\\\<3a. 

repahive  of  the    gla^   tube ;    ii   Te^\:ia\ovx  ocswx 


> 
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between  the  disk  and  the  body  which  is  being  tested 
it  is  at  once  obvious  that  the  subf^tance  is  electrified ;  and  more- 
oveTj  that  it  is  vitreously  electrified,  since  it  produces  tin  efTcd 
similar  to  that  which  would  be  exhibited  by  an  excited  glaa  tube. 
The  phenomena  of  attraction  and  repulsion  may  bt 
,^  *  '  further  exemplified  by  the  following  experiments: — Su» 
pend  two  straws,  separately,  by  a  fibre  of  silk,  each 
a  glass  rod  (fig.  142) ;  bring  an  excited  stick  of  sealing* 
wax  towards  each ;  each  will  be  first  attracted  and  tfaen 
repelled  ;  whilst  tliua  repulsive  to  the  wax,  bring  the  006 
near  to  the  other ;  they  will  recede  from  each  other 
they  did  from  the  wax.  If  both  straws  be  excited  by 
glass,  they  will  in  like  manner  repel  each  other ;  but  v 
one  be  excited  by  the  glass  and  the  other  by  tlie  wax  they 
will  attract  each  other.  Hence  we  learn,  that  bodies  simi- 
larly electrified  repel,  those  differently  electrified  attract  each  other 
Proceeding  a  step  further,  it  will  be  found  that  whenever  twi 
bodies  are  rubbed  together,  both  kinds  of  electricity  are  liberated 
but  so  long  as  the  two  bodies  remain  in  contact,  no  sign  of  th< 
presence  of  either  electricity  appears ;  on  separating  them,  bott 
are  found  to  be  electrified— one  vitreously,  the  other  resinoosly 
for  example,  stretch  a  piece  of  dry  silk  over  a  brass  plate,  and  ml 
it  upon  a  glass  plate ;  to  long  as  the  two  bodies  are  in  contact 
the  quantities  of  each  kind  of  electricity  set  iree  are  precise!] 
sufficient  to  neutralize  each  other,  aud  the  combined  plates  will  ua 
affect  the  electroscope,  hut  as  soon  as  the  glass  plate  and  the  sill 
are  separated,  the  glass  will  repel  the  disk  (fig.  141),  while  the 
will  attract  it. 

(193)  Insulators  and  Conductors. — Bodies  that  have  been  tfau 
electrically  excited,  return  to  their  neutral  condition  when  louche) 
by  other  substances,  but  with  degrees  of  rapidity  dejieuding  c 
the  kiud  of  body  which  touches  them.  A  rod  of  sealing-wax  1 
of  shell  lac,  for  example,  may  be  held  in  coutact  with  any  electrifii 
body  without  sensibly  lessening  the  charge ;  but  the  momenta: 
touch  of  a  metallic  wire,  or  of  the  hand,  is  sulVicierit  to  remore  1 
indications  of  electric  excitement ;  it  is  therefore  clear  that  ther 
are  some  bodies  which,  like  the  wire  or  the  hand,  readily  alio' 
the  passage  of  electricity,  and  these  arc  termed  conduclura ;  whils 
there  are  others  which,  like  shell  lac,  do  not  e^ly  allow  its  pu 
aage,  and  these  are  called  innutalars.  There  is,  however, 
absolute  line  of  distinction  betnuen  these  two  elawe*  of  bodin 
tJiere  i»  no  such  thing  as  either  perfect  insulation,  or  petfect  coudi 
iioa,  tor  the  two  classes  otboAic*  v****  gro^wi^'J  *m\«  w*o  'CkKtiOHE 
in  tlie  followii^  table  each  au\»\as3Sft  \:TOagtetaMA  \>  wa-ya 


liilg  power  to  all  those  which  follow  it. 
uice  ia  to  the  bottom  of  the  table,  the  better, 
ts  ooiKlnetiiig  power ; — 


Itisuiaiors. 
Dry  Gases  and  Dry  Steam. 
Shell  Lac. 
Sulphur. 
Amber. 

bttaFercha  and  Caoutchouc. 
Samoud,  and  some  other 
procioua  atones. 


Spermaceti. 

Turpentiue  and  Volatile  Oils, 

Fixed  Oils. 

String  and  Vegetable  Fibres. 

Moist  Animal  Substances. 

Water. 

Saline  Solutions. 

Flame. 

Melted  Salts. 

Plumbago. 

Charcoal. 

All  the  Metals. 

Conductors. 

Any  object  is  spoken  of  as  being  electrically  iTtsulatcd  when  it 
-  supported  by  means  of  some  badly- conducting  substance  which 
■:in;nt8  the  free  escape  of  the  electricity.  The  presence  of  moia. 
ire  deposited  from  the  air  upon  the  surface  even  of  the  best  insu- 
'■■  ■:or,  cotivcrts  it  for  the  time  iuto  a  conductor,  and  is  one  of  the 
ii'sl  annoying  impediments  to  the  success  of  electrical  espeii- 
MTits,  aa  the  power  is  carried  off  as  fast  as  it  is  accumulated. 
'-''■■jss  is  especially  liable  to  this  inconvenience,  but  by  Tarnishing 
'  «hen  practicable,  and  keeping  it  thoroughly  warm,  the  difl&culty 
I  limiuished.  By  due  precautions,  instruments  may  be  constructed 
lich,  in  dry  air,  will  preserve  a  charge  for  several  hours. 

The  most  perfect  insulators  still   allow  electric  power  to  tra- 
Tso  them,  although  by  a  process  different  from  conduction,  and 
I  iice  they  are  termed  Dielectrics  (200).     Thus,  if  one  side  of  a 
,  !^te  of  glass  be  electrified  by  rubbing  it  with  a 
la-e  of  silk,  the  opposite  face  also  acquires  the  Fio.  143. 

,  '^cer  of  attracting  particles  of  bran  or  other 
liiit  olijects. 

(196)  Electroscopes. — Various  instruments 
■  lie  been  dCTtsed  for  detecting  feeble  charges 
i  electricity.  One  of  the  most  convenient  of 
iliese  18  the  gold  leaf  electroscope  (fig.  143), 
'liicli  is  sensible  to  extremely  small  charges. 
JiTMista  of  a  pair  of  gold  leaves  suspeuded  from  j 
it]oiiei  extremitjr  of  a  metfllJic  wire  which  tet- 
» Above  in   a   trass   plate.      The  wire   \s 

assi'fi^  it  tbroush.  a  varnislied  gVaaatui«.  v^^Vji^  'i 


I  808  coulomb's  torsion  electrometer. 

silk,  and  the  whole  is  surrounded  and  supported  by  a  glass  6 
The  approach  of  an  excited  body  instantly  causes  the  divergence  0 
the  leaves.  If  a  glass  tube  be  rubbed  with  a  dry  handkcrchici 
and  touched  with  a  small  disk  of  paper  insulated  by  attaching  it  to  1 
a  rod  of  sealing-wax,  as  directed  in  preparing  the  electroscope  J 
(fig.  141),  a  email  vitreous  charge  will  be  received  by  the  p^*arJ 
aud  if  carried  by  it  to  the  cap  of  the  electroscope,  the  loaves  1 
diverge  permanently  with  vitreous  electricity.  The  approach  0 
the  glass  rod  would  cause  the  leaves  to  diverge  further,  whilstl 
that  of  a  stick  of  excited  wax  would  cause  them  to  collapse. 

An  instrument  (fig.  144)  called  a  /or< 
FiQ.  144.  gion  electrometer  was  devised  by  Coulomh 

for  accurately  measuring  minute  diffcretiOM 
in  the  amount  of  electrical  force.  Thft 
force  which  he  opposed  to  that  of  elec- 
tricity was  the  resistance  to  twisting  whidi 
ia  offered  by  an  clastic  thread,  A  fibre  of 
silk,  a  fine  silver  wire,  or  a  thread  of  glass, 
has  been  used  for  the  purpose  of  i 
suring  the  angle  of  torsion,  this  angle  in 
perfectly  elastic  bodies  being  exactly  pro-. 
portioned  to  the  force  applied. 

By  means  of  a  long  glass  thread,  fas- 
tened above  to  a  pin,  p,  (carrying  an  index 
which  traverses  the  graduated  plate  s],  a 
needle  of  shell  lac  is  suspended  freely  in 
the  glass  case  a.  This  needle 
minated  at  one  end  by  a  gilt  hail,  6,  at  the  other  by  a  paper 
disk  which  serves  to  check  its  oscillations.  In  the  glass  cover 
of  the  instrument  is  a  small  aperture  through  which  another  gilt 
hall,  a  {thecarrier),  also  suspended  by  shell  lac,  can  be  introdaco' 
and  withdrawn.  In  order  to  equalize  the  induction,  two  uarro* 
strips  of  tinfoil,  c  and  d,  connected  with  the  earth,  aud  having  1 
narrow  interval  between  them,  are  pasted  ui)on  the  inside  of  Ibe 
glass  cylinder,  one  a  little  above  and  the  other  a  little  beloir  Hit 
level  of  the  balls ;  a  graduated  circle  In  pasted  on  the  glass  tot 
reading  off  the  angular  deviation  of  the  neeiUe.  Wheu  the  in^tra- 
meut  is  to  be  used,  the  carrier  ball  is  adjusted  so  that  after  it  \ 
been  removed  it  can  with  certainty  be  rc[i1uced  in  the  same  pE»- 
tion  as  at  first ;  the  liall  upon  the  needle  U  adjusted  by  turning 
(be  pin  until,  without  any  twist  upon  the  thread,  it  shall  just  ti 
|(/je  carrier,its  centre  bemgat-VVeiCTooCtV.*  scale,  aitii  ii-  -^^-l 
index  on  the  upper  gtaiaatei  vW^i*'^^"""" 
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lall,  a,  is  next  made  to  touch  the  object  the  electricity  of  which 
U  to  be  measured ;  it  tnkes  off  a  quantity  proportioned  to  the 
unouDt  accumulated  on  the  spot.  The  ball  a  is  immediately 
replaced  in  the  instrument ;  it  dirides  its  charge  with  the  ball  b 
on  the  needle,  and  repulsion  ensues.  The  thread  which  supports 
Mic  needle  is  then  twisted  until  the  centre  of  the  ball  b  is,  by  the 
'  .'ce  of  torsion,  brought  back  towards  the  carrier,  a,  to  some  dcter- 
-.iiiate  uigle  {say  30")  marked  on  the  graduation  of  the  glass  case; 
au[ipo»e  the  number  of  degrees  through  which  it  has  been  necessary 
to  twist  the  thread  to  be  160";  j6o'^  +  3o'',or  190°  will  represent  the 
repulsive  force.  To  compare  this  amount  with  any  other  quantity, 
the  balls  must  be  discharged,  and  the  experiment  repeated  under 
the  new  conditions,  noting  the  number  of  degrees  of  torsion 
required  to  make  the  needle  stand  at  30°  as  before  :  the  amount 
of  the  force  is  directly  proportionate  to  the  torsion  angle  in  the  two 
cases.  Suppose  in  a  second  experiment  that  the  thread  sustain 
a  twist  of  180"  before  the  ball  b  is  brought  back  to  the  angle  of 
1"';  the  force  will  now  be  i8o''  +  3o''  or  310°,  and  the  relative 
'r.etrieal  repulsions  in  the  two  experiments  will  be  as  igo  :  3iO. 

It  was  long  imagined  that  non-conductors  only  were  capable 
j1  excitement  by  friction,  atid  hence  tliey  were  termed  electrics ; 
.1  bodies,  however,  exhibit  this  pbeuomenon,  if  proper  care  be 
.\.ea  to  insulate  them.  If,  for  example,  a  piece  of  brass  tube 
luiulated  by  a  glass  handle  be  rubbed  upon  fur,  it  receives  a  charge, 
u  may  be  shown  by  bringing  it  near  the  disk  of  the  electroscope 
(Gg.  141).  Even  two  dissimilar  metals,  after  being  brought  into 
Goutact  with  each  other  may,  with  proper  precautions,  be  made  to 
thow  signs  of  electric  excitement  on  being  separated  (225).  The 
friction  of  glass  against  metal  spread  over  silk  is  attended  by  a 
K  powerful  development  of  electricity  than  when  silk  alone  is 
Died ;  and  an  amatgam  consisting  of  i  part  of  tin,  2  of  zinc,  and  6 
dmeicgry,  rubbed  to  fine  powder  and  mixed  with  a  little  lard, 
MlCnuHl  to  be  highly  effectual  in  exalting  the  force  which  isdeve- 
TUe  same  substance,  however,  docs  not  always  mauifcst 
me  electrical  condition  when  rubbed :  glass  when  rubbed 
II  bUIc  becomes  vitieously  excited ;  but  if  rubbed  ou  the  fur  of 
It  it  exhiliits  resinous  electricity.  The  amount  of  friction  neces- 
y  to  produce  electric  excitement  is  exceedingly  small ;  the  mere 
prbg  of  a  handlierchicf  across  the  top  of  the  electroscope  (Rg. 
n,  or  even,  across  the  clothes  of  a  person  insidated  by  standing 
fc  oke  of  resin,  or  on  a  stool  with  glass  legs,  provided  he  touch 
f  the  mstnimeut,  is  sufficient  to  cause  iisCTgeiica  ot  "Ooj^ 
s  ssinpio  act  of  (Jrairing  off  wlk  stocVing*,  at  1 
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Walfltcoat,  or  tlie  combing  of  the  hair  in  frosty  weather,  freqneni! 
occasions  the  snapping  and  crackling  noise  due  to  the  elcctri 
spark ;  and  the  stroking  of  the  fur  of  a  cat  at  such  a  s 
known  to  produce  similar  eflects. 

(197)   Electrical  Hypotheses. — These  various  phenomena  hm 
been  accounted  for  by  two  principal  hypotheses. 

One  of  these,  commonly  known  as  the  'theory  of  one  fluid,' 
is  due  to  Franklin.  Electricity,  upon  this  view,  is  supposed  to  b 
a  subtle  imponderable  fluid,  of  which  all  bodies  possess  a  definit 
share  in  their  natural  or  uuexcited  state.  By  friction,  or  othen 
this  normal  state  is  disturbed.  If  the  body  rubl>ed  receive  1: 
than  its  due  share,  it  acquires  vitreous  electricity,  or,  in  the  U 
of  Franklin,  becomes  electrified  positively,  or  + ;  whilst  at  the  saini 
time  the  quantity  of  electricity  in  the  rubber  which  become! 
resinously  chnrged  is  supposed  to  be  diminished,  and  tbos  tbt 
rubber  acquires  a  negative  or  —  state.  Franklin  supposed  til 
particles  of  the  electric  fluid  to  be  highly  self-repulsive,  and  to  b 
powerfully  attractive  of  the  particles  of  matter. 

The  other  hypothesis,  the  '  theory  of  two  fluids,'  was  originally 
proposed  by  Dufay,  According  to  this  view  there  are  two  electric 
fluids,  the  vitreous  and  the  resinous,  equal  in  amount  but  oppoeitft 
in  tendency  ;  when  associated  together  in  equal  quantity  thej 
neutralize  each  other  perfectly  :  a  portion  of  this  compound  fluid 
pervades  all  substances  in  their  unexcited  state.  By  friction  tha 
compound  fluid  is  decomjioscd ;  the  rubber  acquires  an  excess  of 
i  fluid,  say  the  resinous,  and  thus  becomes  resinously  excited) 
the  body  rubbed  takes  up  the  corresponding  excess  of  ritr«0(U 
electricity,  and  becomes  excited  vitreously  to  an  equal  extent. 
Upon  this  view  the  particles  of  each  fluid  are  self- repulsive,  bnl 
powerfully  attract  those  of  the  opposite  kind. 

The  language  of  either  theory  may  be  employed  in  order  to 
distinguish  the  t\io  kinds  of  electricity ;  the  term  vitreous  or  po- 

Isitive  may  be  used  indifferently  for  one  kind,  and  resinous  tt 
negative  for  the  other  kind,  provided  it  be  borne  in  mind  th«kf 
fiitive  and  negative  arc  mere  distinguishing  terms:  negativv  dl 
tricity  being  as  real  a  force  as  the  positive. 
It  is  manifest  that  one  or  other  of  these  hypotheevs  mnst  hd 
false,  yet  either  will  serve  to  connect  the  facts  togetlier. 
supposition  of  an  electric  fluid  in,  notwithstanding,  gradually  being 
abandoned.  The  supposition  of  a  graiiitativc  fluid  might,  nilk 
nearly  as  much  propriety,  be  insisted  on  to  explain  the  [ihcDnmci 
>f  g-rav'itation,  or  a  co\»eaive  ftmd  to  ttKWJunt  for  thtme  nf  cuhotoi 
Elcotricity  is    now  legwxAeA  a.*  a  tonv^%wAV»"i«,i 


» 
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'  Ibrm   of  action  and   reaction  which  it  exhibits. 

1  and  reaction  follows  the  same  law  of  equality 

in   its  manifestations   as  that  which  is  exhibited 

the    phenomena  of    mechanics.     Whenever 

sclricity  is  manifested   at  one   point,  a   corresponding 

electricity    is    invariably    developed   in    its 

icting  against  it,  and  thus  enabling  its  presence  to  be 

mgh  this  reacting  force  may  not  be  immediately 

luomena  of  vitreous  and  resinous  Fi"-  i45' 

may    be    rudely  but  not  inaptly 
led  by  those  of  elasticity  exhibited  by 
liry  spring,  as  shown  at  s,  fig.  145. 
bag  in  its  UDstretched  slate  may  re- 
the  body  in  its  unelcctrified   con- 
t  then  displays  nothing  of  the  pecu- 
r  that   it   possesses.     The   spring 
stretched  from  one  extremity  only ; 
[fid  at  one  end,  as  by  hooking  it  to 
r,  a  weight,  w,  may  be  applied  to 
end,  and  it  will  seem  to  be  stretched 
pree  only.     In  reality,  however,  it  is  not  so ;  for  by  sub- 
at  V  a  weight  equal  in  amount   to  that  at  w,  instead  of 
point  p,  the  strain   upon   the  spring  remains  unaltered, 
eaction,   equal   in  amount  to  the  original  action   of   the 
,  is  instantly  rendered  evident, 
is  with  electricity ;  cases  not  unfrequently  occur  where 
only  of  electricity  seems  to  be  preaeut,  but  a  careful  ex- 
.1  will  always  detect  an   equal   amount  of  the  opposite 
i^  essential  character  of  action  and  reaction  in  the  elec- 
will  be  more  clearly  manifested   in  the  following  re- 
experiments. 

)  EUclrical  Induction.^ln  the  preceding  cases  the  elec- 

i  been   excited   by  friction  and  communicated  to  other 

contact.     An  insulated  charged  body,  however,  exerts  a 

lie  action  upon  other  bodies  in  its  neighbourhood.     Long 

taitact  occurs,  the  mere  approach   of  an  excited  glass  tube 

tlie  electroscope  causes  divergence  of  the  leaves,  and  0 

the  glass,  if  it  have  not  been  allowed  to  touch  the  cap 

itrumeut,  all  signs  of  disturbance  cease. 

following  mode  of  performing  the  experiment  will  afford  a 

examining  this  action  of  an  electriHed  substance  upon 

a  distance: — 


^      "- 


J? 


Place  two  cylinders  o 

of  metal,  each  supported  ( 

□ished  stem  of  glass,  bo  as  tc 

each  other  end  to  end  (fig.  ii 

~^rY+  —  +  — "t^    from  the  outer   estremi^ 

Tj  n       TV  V  suspend  a  couple  of  pith  ball 

cotton  thread,  and  briug  the 

~^     +^     [^  +  _  4.  _1     glass  tube  near  one  end  of  ' 


J\        H  U        /^    rangemcnt  as  shown  at  2.     ] 

disturbance  will  be  shown  bf 
pulsion  of  both  pairs  of  balls.  Separate  the  two  cylindera  ' 
touching  the  conducting  portion,  and  then  remove  the  glas 
the  balls  will  still  continue  to  diverge  (3).  But  let  the  glass  I 
brought  near  ;  the  balls  on  the  cylinder  originally  nearest  tl 
will  collapse,  showing  this  cylinder  to  be  rennomly  escited,  wl 
same  excited  glass  will  cause  the  balls  on  the/wr^An"  cyli 
diverge  from  the  presence  of  vitreous  electricity.  Again, 
the  glass  altogether,  and  bring  the  two  cylinders  into  con 
spark  may  generally  be  seen  to  pass  between  them,  and  bo 
of  balls  will  immediately  collapse  and  continue  at  rest.  Th 
amount  of  force  existing  upon  the  two  cylinders  taken  t 
remains  the  same  throughout  the  whole  period  of  the  eipe 
but  its  distribution  is  altered,  as  is  shown  by  the  position 
signs  +  and  — .  The  experiment  may  be  explained  in  1 
lowing  manner:- — Suppose  the  two  cylinders  to  be  iu  the 
state  (No,  i) ;  on  bringing  the  excited  glass  tube  near  to  ' 
porlion  of  the  resinous,  or  negative  electricity,  appears  to  \k 
towards  the  end  of  the  cylinder  nearest  to  the  glass,  as  in 
whilst  the  corresponding  quantity  of  disengaged  positive  elt 
causes  the  balls  on  both  cylinders  to  diverge :  the  mom< 
glass  is  removed,  the  negative  electricity  redistributes  itsel 
No.  I,  and  the  balls  collapse;  but  if  the  two  cylinders  b 
rated  before  the  glass  is  removed,  and  if  the  excited  glass 
withdrawn,*  the  results  will  be  such  as  are  represented  in 
in  which  the  negative  electricity  on  one  of  the  cylinders 
than  sufficient  to  neutralize  tlie  positive,  and  hence  the  b 
verge  negatively  ;  while  on   the  other  it  is  less  tlian  suffic 


•  If  the  Ktms  tube  be  withdrawn  yraiinnZ/v  to  0  01  li 
upon  the  o^lindiT  neru-i-at  tilt-  lube  wiU  ({rBuo^'y  >■  ' 
the  inductive  power  i«  wfalteueU  by  disUnc*  ,  a  porii 
trio itj  being  hben ted  in   quantity  iiifilcient  t«  nni^- 
eharge.  and.  an  completely  withdrawing  the  ercitoij  tnlir,  me  txec 
tire  eJectricity  i$  sot  free,  nnd  tlia  balU  uo-k  Awetee  u'c^ou.-oit^. 
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^1 

struTnent  ^Cn^^H 


the  surface  of  the  cap,  spreads  over  the  whole  instrument 
in  the  diagram  this  is  only  repreaeuted  as  taking  place  upoB 
leaves],    and    the    leaves    diverge    nitk    negative    electncitj  11 
shown  at  4. 

lu  all  these  cases,  the  excited  body  itself  neither  loses  HI 
gains  electricity  by  the  process  just  described.  The  mode  ii 
which  this  transfer  of  force  from  a  distance  is  effected  still  it 
mains  to  be  considered. 

(199)  Faradap's  Theory  of  Induction. — We  owe  to  Partdajr 
theory  of  these  effects,  which  has  lieen  thus  concisely  summed  v 
by  Suow  Harris  (Rudimentary  Electricity,  first  cd.,  pp.  33,  34 
Faraday  '  conceives  electrical  induction  to  depend  on  a  physio 
action  between  contiguous  particles,  which  never  takes  place  »t 
distance  without  operating  through  the  njolecules  of  intervenii 
Qon-cou ducting  matter.  In  these  intermediate  particles,  a  ficp 
ration  of  the  opposite  electricities  takes  place,  and  they  becon 
disposed  in  an  alternate  series  or  succession  of  positive  or  n^ati 
points  or  poles :  this  he  terms  a  polarization  of  the  [ 
Fio.  148.  tides,  and  in  tliis  way  the  force   is  transferred  to  a  1 

•  tance.  Thus,  if  iu  fig.  148,  r  represent  a  positii 
charged  body,  and  a,  b,  c,  d,  intermediate  particles  of  n 
S  O  ©»  *"^  other  non-conducting  matter,  then  the  action  of  r 
e  e  8i  transferred  to  a  diataut  body,  n,  by  the  aeiuLration  a 
9  0  Oo  electrical  polarization  of  these  particles,  indicated  by  t 
QSQiI  series  of  black  and  white  hemispheres.  Now,  if  t 
^\  particles  can  maintain  this  state,  then  insulation  obtaie 
^0  but  if  the  forces  communicate  or  discharge  one  into  t 
other,  then  we  have  an  equalization  or  combination 
the  respective  aud  opposite  electricities  throughout  the  win 
series,  including  p  and  n.'  .  .  .  .  'He  asaumcs  tbvt 
particles  of  matter  are  more  or  less  conductors  :  that  iu  th 
quiescent  state  they  are  not  arrauged  in  a  polarized  farm,  I 
become  so  by  the  influence  of  contiguous  and  charged  p 
tides.  They  then  assume  a  forced  state,  and  tend  to  retu 
by  a  powerful  tension,  to  their  origiual  normal  position ;  ti 
being  tnore  or  has  conductors  the  particles  charge  either  Im 
or  by  polarity;  that  contiguous  particles  can  comuiuiiif 
their  forces  more  or  less  readily  one  to  the  other.  When 
readily,  the  polarized  state  rises  higher,  and  inatilation  is  the 
suit ;  when  more  readily,  conduction  is  the  consequence.'  .  .  . 
'  Induction  of  the  ordinary  kind  is  the  aetiou  of  a  charged  bi 
upou  iusulating  matter,  or  matter  the  particles  of  which  oomi 
tticate  the  electrical  forces  to  eack  o\.\\«  xu  wv  ttV-t-amaV^  xsm 
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;  t>tfr  ehai^d  body  prodncing  in  it  an  equal  amount  of  tte 
ii|io»ilc  force,  and  this  it  does  bj  polarizing  the  particles' 
:i.--  148). 

(100)  Dislribution  of  Electric  Charge. — BiiHicB  susceptible  of 
is  polarization  are  termed  dielectrics ;  and  whether  they  be  solid, 
iiijuid,  or  aeriform,  the  electric  force  is  transmitted  through  them 
freely.  A  pane  of  glass  interposed  between  the  excited  tube  and 
the  cap  of  the  electroscope  will  in  no  sensible  mariner  affect  the 
dirergence  of  the  leaves,  which  will  occur  as  usual ;  but  the  iuter- 
pontion  of  an  uninsulated  sheet  of  tin-plate,  or  even  of  a  screen  of 
wire  gauze,  will  effectually  stop  all  signs  of  electric  excitement  on 
tfae  leaves. 

Owing,  however,  to  the  molecular  action  by        Fio.  149. 
rticb  induction  is  propagated,  Faraday  has  shown 
thiit  it  may,  under  certain  circumstances,  be  traced  / 

■  urid  the  edges  of  such  a  screen,  and  it  may  he 
:itinned   either  in   curved  or  in  straight  lines 

I,.'t  a  (fig.  149)  represent  a  mass  of  shell  lac  which 
lia.'i  been  excited  by  friction  at  its  upper  part ,  b,    4i^ 
a  braes  plate  resting  on  the  shell  lac,  but  also  in 
roaimunication  with  the  ground.      At  a,  a  strong  inductive  action 
perceived,  which  is  weaker  at  b,  weaker  still   at   c,  and  very 

■  -'iiing  at  d ;  at  e  it  increases,  and  at /is  nearly  as  strong  as  at  b, 
' iiibt  at  g  it  again  decreases,  from  the  effect  of  increasing  distance. 

In  consequence  of  these  inductive  actions,  electricity  when  at 
rest  is  always  distributed  over  the  surface  of  a  charged  object ; 
ind  therefore,  for  the   purpose  of  collecting   electricity,  a  hollow 

'■f\\  of  conducting  matter  is  quite  as  ef- 

k'tiial  3S  a  solid  mass  of  the  same  size. 
Many  striking  eiperimenta  may  be  given 
,:i  [iroof  of  this  important  fact.      For  in- 

tauce,  place  a  metallic  can,  c  (fig.  150,  1 ) 

wn  a  small  insulating  stand,  s;  commu- 

icate  a  cliajge  to  a  brass  ball,  insulated 

V  a  slender  glass  rod,  and  introduce  this 
diarged  ball  into  the  interior  of  the  can, 
allowing  it  to  touch  the  bottom ;  with- 
draw the  ball ;  it  will  be  found  when 
tcateil    with    the    electroscope    to    have 

given  np  all  itn  electricity.  Touch  the  inside  of  the  can  with 
a  proqf  plane  (or  small  disk  of  paper  insulated  by  a  stout  fila- 
ment of  shell  lac),  and  hold  it  towards  the  chm^ed  A\?J*.  q^  'Oaa 
tiectrvacope  (Sg.  141),  no  action  will  be  perceivei  ■-  XiTvti^  'Cac  ^tw& 
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plane,  however,  into  contact  with  any  part  of  the  outer  sm 
the  metallic  caiij  and  an  abimdaut  charge  will  be  obtained.  lUtt 
charge  can  be  sustained  towards  the  interior,  because  there  is  no 
object  within  towards  which  induction  can  take  place;  but  tlit 
polarization  of  the  air  on  the  outside  i)roduces  induction  towardiiB' 
Burroundiug  objects.*  But  now,  whilst  the  exterior  still  remut* 
charged,  liold  an  unescited  brass  ball,  attached  to  a  metallic  vin^ 
in  the  inside  of  the  cup  (fig.  150,  2),  without,  however,  allowing  it 
to  touch  it ;  if  the  insulated  paper  disk,  under  these  circarastanoMi 
be  made  to  touch  any  part  of  the  indde  of  the  can,  it  will 
a  charge ;  the  particles  of  the  air  within  the  can,  may,  under  thoe 
circumstances,  become  polarized,  because  the  brass  ball  is  in  a  cOO* 
dition  to  become  oppositely  chatted  to  the  can.  If  the  can  be 
positive,  the  ball  becomes  negative,  its  positive  electricity 
off  to  the  earth  by  the  wire. 

A  similar  disturbance  of  electric  equilibrium  will  be  found 
whenever  a  charged  body  is  brought  near  other  uninsulated 
If  an  escited  glass  tube  be  brought  towards  the  wall  of  the  rDon, 
and  just  opposite  to  the  tube  the  wall  be  touched  with  the  ptoot 
plane,  a  small  chaise  of  resinous  electricity  will  be  carried  off,  and 
will  be  perceptible  by  the  electroscope. 

By  increasing  the  surface  of  the  conductor  whilst  the  amount 
of  electricity  remains  the  same,  it  is  obvious  that  the  quautit; 
upon  each  portion  of  exposed  surface  is  diminished,  and  the  t'n/ffl- 
aily  of  the  charge  is  said  to  be  lowered.  Thus,  if  a  metallic  ribbon, 
coiled  up  by  the  action  of  a  spring,  be  attached  to  the  cap  of  u 
electroscope,  and  a  small  charge  be  given  to  it,  a  certain  divei;geiice 
of  the  leaves  will  l}e  produced ;  on  imcoiling  the  ribbon,  by 
of  a  silk  thread  attached  to  it  for  the  purpose,  the  leaves  will  par- 
tially collapse,  because  the  same  amount  of  iuductioii  towards  the 
ceiling  and  floor  of  the  room  is  now  distributed  over  a  larger  raJ- 
face ;  but  on  allowing  the  spring  to  exert  its  elasticity,  and  coil  np 
the  ribbon,  the  leaves  will  again  resume  their  original  divei^rtiGO. 

In  all  cases  of  electric  excitement  the  chaise  is  diffused  over 
the  surface  of  the  conductor,  but  the  form  of  that  surface  mate- 
rially influences  the  mode  in  which  the  electricity  is  distributed. 
If  a  charged  sphere  be  suspended  in  the  centre  of  a  room,  the  super- 
ficial distribution  of  the  force  will  be  uniform  on  all  parts  of  lU 
Burface.     But  if  two  similar  and  equally  excited  spheres  be  aiu- 


*  Indeed,  a  delicate  eleotrometer  may  be  cncloied  in  a  shell  of  oondt 
■  inafttrr,  wbicli  maj  he  «o  hif;hl;  charfrod  m  to  emit  aparkr  ■-  -"  -'■— ' 


tad  the  eJeclmmcter  wiU  n 


oondtattn 


!tbic  cbarre. 


riilril'slfle  ty  side,  the  electric  accamulntion  will  be  greatest  at 
i^e  points  of  their  respective  surfaees  which  lie  at  the  opposite 
<:itn;Taitie3  uf  a  line  passing  through  the  centre  of  each  ;  and  in  a 
Cylinder  the  force  is  highest  at  the  two  ends. 

This  change  in  the  distribution  of  electricity  over  the  surface, 
which  depends  npon  the  change  of  form,  was  carefully  investigated 
by  Coulomb.  For  this  purpose  he  employed  his  torsion  balance, 
Atom  at  fig.  144.  The  carrier  ball,  a,  of  the  instrument  was 
hrmight  into  contact  with  that  point  of  the  conductor  which  was 
I  l>c  examined ;  the  ball  thus  acquired  a  charge  proportional  to 
■\-  intensity  of  the  electricity  at  that  spot ;  and  the  intensity  was 
oi;asiired  in  the  manner  already  described  (196),  by  the  angular 
n^alnon  of  the  needle ;  different  points  of  the  conductor  were 
ihiis  examined  in  succession,  and  the  intensity  at  each  point  was 
compared  with  the  others. 

In  this  way  it  was  found  that  if  two  spheres  of  unequal 
fiunetera  were  each  originally  electrified  to  the  same  degree  of 
intensity  (that  is,  if  each  sphere  were  so  charged  that  the  quantity 
of  electricity  upon  a  square  inch  of  the  surface  of  each  was  exactly 
equal,  when  the  two  were  separate)  on  bringing  the  two  into  con- 
Uct,  the  greatest  accumulation  still  occurred  at  the  extremities  of 
I  Kne  joining  the  centres  of  the  spheres,  but  the  accumulation  was 
greater  on  the  small  hall  than  on  the  large  one.  The  experiment 
may  be  carried  still  further :  for  if  a  series  of  spheres  gradually 
'iiiiinifthing  in  size  be  employed,  till  at  last  they  virtually  end  in 
.  jKiint,  the  accumulation  at  length  becomes  so  great  that  the 
[luint  ia  unable  to  retain  the  charge,  and  dispersion  eusues. 

A  rough  idea  of  this  effect 
may  be  conveyed  by  fig.  iji, 
in  which  a,  b,  and  c  represent 
llirw?  independent  spheres  di- 
uiuishing  in  size,  and  which 
m  No,  1  are  supposed  to  be 
^'larged  with  electricity  of 
I  [ual  intensity,  as  represented 
iy  n  dhaded  layer  of  equal 
iliickness  around  each,  while 
No.  2  repreaents  the  same 
three  balls  in  contact.  The 
"iitimity  of  the  charge,  as 
'iinira  by  the  lines  of  shadow,  is  proportionately  much  greater  on 
'^  mutUest  ball  than  on  the  largest.  Pointe  mu&t  \.V\fe«&tn«v\fc 
r  avoided  ia   the   coustruction  of  ap^atat^a  i<iX  x«\sMflaJt 
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electncity.     Por  umilor  reasons  sharp  or  rough  edges  are  ctjnl^l 
objectionable. 

(201)  Electrical  Machijiea. — In  order  to  obt&ia  large  lU])]!^  \ 
of  electricity,  the  electrical  machine  is  employed.     Two  priad()d 
forms  of  this  instrument — viz.j  the  cylinder  and  the  plate  maciaia,   ' 
s  in  general  use. 

In  the  cylinder  machine  (fij, 
152)  a  hollow  cyliuder  of  gUa, 
c,  is  mounted  on  a  horicontil 
asis  turning  by  a  winch  in  two 
strong  wooden  supports.  Oa 
one  side  is  placed  a  leaUitt 
cushion,  R,  stuffed  with  hair  and 
faced  with  silk  ;  from  its  a)iptf 
edge  proceeds  a  silk  tlap,  s,  wkicb 
reaches  nearly  round  the  nppa 
half  of  the  cylinder,  n'  isabraM 
conductor  for  collecting  elcctii- 
city  from  the  rubl>er.  Thi 
cushion  is  insulated  by  a  strong  glass  pillar,  g.  To  collect  the 
electricity  from  the  glass,  a  metallic  conductor,  p,  is  mounted 
on  an  insulating  stem  of  glass,  h;  this  conductor  ou  the  nda 
next  the  glass  is  furnished  with  a  row  of  points,  which,  IroiD 
the  high  degree  of  induction  produced  upon  them,  act  as  powa* 
fully  in  receiving  aa  in  dispersing  a  charge.  Before  using  the 
machine,  a  little  of  the  amalgam  of  zinc  and  tin  (196)  is  spread 
over  the  surface  of  the  cushion.  AThen  the  whole  is  made  pnv 
perly  dry  and  warm,  on  turning  the  handle  a  brisk,  crackling,  majk 
ping  noise  is  heard,  whilst  tlashea  and  sparks  of  fire  dart  nrand 
the  cylinder  from  the  edge  of  the  silk  dap.  Sparks  of  two  or 
three  inches  in  length  may  now  he  drawn  from  the  prime  co%- 
ductor,  r,  if  the  hand  be  applied  to  the  rubber  when  the  cylindtf 
is  turned.  In  order  to  obtain  a  continuous  supply  of  sparks  from 
the  conductor,  p,  it  is,  however,  absolutely  necessary  to  maintain  a 
conducting  communication  between  the  rubber  and  the  gronadi. 
If  the  prime  conductor  be  made  to  communicate  with  the  ground 
while  the  rubber  is  insulated,  sparks  may  be  freely  obtained  &oia 
the  rubber  on  working  the  machine.  The  electricity  from  the 
cylinder  and  conductor,  f,  however,  is  vitreoun,  like  that  from  ghm 
generally,  whilst  that  from  the  rubber  is  resinous.  If  the  rubber 
and  the  conductor,  while  both  are  insulated,  be  connected  by  a 
metailic  wire,  no  sparks  can  be  obtained  from  either,  however 
vigorously  the  machine  be  KOTltefli,  xVe  TeKtmaws  A»Ai\s».\i  ^  sJu^ 


r'lltef  "Being  enactly  neutralized  Ity  an  equal  amount  of  Wtreous 
iLciricity  from  the  cylinder  and  conductor.  The  reason  why  it 
■  njmcs  neficssary  in  working  the  miichine  effectively,  to  connect 
[lipr  the  rubber  or  the  conductor,  p,  with  the  earth,  ia  thus 
-  iidered  ohvions,  since  otherwise  induction  takes  place  between 
■f  liberated  resinous  electricity  on  the  ruhher  and  the  positive 
I'ftricity  which  accumulates  on  the  prime  conductor,  and  thus 
r:ve«ta  its  free  discharge.  No  sooner,  however,  is  the  negative 
.otricity  in  the  ruhber  supplied  fiom  the  unlimited  stores  of  the 
-rt.h  with  an  equivalent  amount  of  positive  electridty,  through 
chtan  suspended  to  it,  or  through  the  body  by  placing  the  band 
I  the  rubber,  than  the  accumulated  positive  electricity  on  the 
iiductor,  p,  is  free  to  pass  off  in  sparks  to  snch  objects  as  are 
itliciently  near. 

Ill  the  Plate  Ma-  Fio.  153. 

chine   (fig.  153),  a  flat 
plate  of  glBM,  Q,  is  sub- 
='iliited  for  the  cylinder 
i"  fig- 15*-  The  axis  of 
ution  passes  through 
Uri!  centre  of  this  plate, 
nnd  the  rubhert 
are  placed  on  each 
uf  the    glass    along 
portion  of  its  circurnfe- 
rence.     It  ia  not  easy 
ia  this  form,  however, 
to  insulate  the  rubbers, 
tnd  la  obtain  negative 
Hpctricity      separately, 
'iDugh  it  supplies  positive  electricity 
nrne  conductor,  insulated  by  a  glass  stem. 

[aoa)   Retentive  opera/ion  of  Induction. — As  the  principle  of 

aon  already  explained  ia  one  which  pervades  the  whole  phe- 

m  of  electricity,  we  proceed  to  jKiint  out  a  few  more  examples. 

Erarjr  case  of  attraction  is  preceded  by  induction  ;  the  opposed 

become  oppositely  electrified  by  polar  action,  after  which 

la  ensues.     The  following   elegant   experiment   hy  Snow 

shows  the  steps  of  the  process  clearly  :  Attach  to  a  circular 

of  gilt  card,  a,  fig.  154,  about  three  inches  in  diameter,  one 

of  a  lilip  of  gold  leaf,  and  hy  a  rod  of  shell  lac  fasten  the  disk 

^gbt  strip  of  wood,  balanced  at  the  otheT  ei\&  Vfj  %  ^^\^X. 

tbia  &eely  by  s   thread,  as  repreaentei  W  ?ufe.  \^\  ws 


abundance,      p    is    the 


r 
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bringing  another  similarly  insulnted  cl 
gilt  disk,  B,  near   a,  the  gold   leaf  npon 
will  diverge^  aad  theii  attraction  of  the  diak 
will  follow. 

Even  the  phenomena  of  electrical  repnl- 
eion  may  be  traced  to  induction.  If  a  pui 
of  slips  of  gilt  paper  be  insulated  and 
pended  side  b;  side  as  in  the  electroscope 
they  will  diverge  when  charged ;  whilst  in 
this  condition  a  proof  plane  will  detect  Bf 
electricity  on  their  inner  surfaces,  but  abaii' 
dance  on  the  onter  ones  ;  induction  take 
place  towards  surrounding  objects,  which  attract  the  leaves,  oiu 
they  separate  from  each  otlier ;  but  if  any  conducting  body  i 
conimunication  with  the  earth  be  introduced  between  the  tw 
leaves,  induction  now  takes  place  from  the  inner  surface  of  til 
leaves  towards  it,  and  they  instantly  collapse.  Many  amu 
ing  electrical  experiments  have  been  contrived  upon  the  pril 
ciple  of  induction  i — light  figures,  placed  on  a  eouductiog  SB 
face  under  an  electrized  plate,  are  made  to  dance  by  altenik 
attractions  and  repulsions.  If  a  number  of  strips  of  paper  1 
supported  in  the  centre  of  a  room,  by  attaching  them  to  a  wi 
which  is  in  connexion  with  the  conductor  of  a  powerful  machi] 
in  action,  they  will  rise  up  and  diverge  in  all  direcliona,  towan 
the  ceiling,  the  walla,  and  the  floor,  under  the  influence  of  indu 
tion  ;  if  a  conducting  point  or  surface  be  brought  near  them,  ttu 
will  all  bend  over  and  converge  towards  it. 

(203)  Sleclrophorus. — The  electrophorus  of  Volta  is  an  ine 
pensive  and  portable  kind  of  elc'ctrical  machine  which  derivea  i 
name  from  i/XiKrpiiv,  and  fopoQ  carrying,  in  allusion  to  i 
manner  in  which  the  metal  cover  carries  electricity  :  it  owei 
activity  to  the  operation  of  induction,  whidi  i 
deed  it  is  well  calculated  to  exemplify.  The  i 
strument  [fig.  155)  consists  of  a  reeino\iB  [ilate, 
I  a  or  15  inches  in  diameter,  which  may  be  001 
posed  of  equal  parts  of  shell  lac,  resin,  and  Voni 
turpentine^  melted  together  and  cast  into  a  circii 
cake  of  about  an  inch  in  thickness.  This 
rests  on  a  sheet  of  tin-plate  or  metal,  t  ;  it  is  fi 
nished  with  a  moveable  cover  consisting  of  a  sonirwhnt 
circular  metallic  plate,  m,  to  which  is  attached  an  iiisuUtiug  hand 
The  resinous  cake  is  rub^)cd  viith  «&rta  and  dr^  fur  or  flaunel, 
on  then  putting  down  the  melailic  cww  \>v  \Vi \»i\i\*'u»%>ftKtiSij 
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t  DCgntive  electridty  may  be  drawn  from  It ;  on  again  raia. 
L»  apwk  still  brighter,  of  positive  electricity,  may  be  obtaiued. 
ring  the  cover,  anotlier  Dcgative  spark  may  be  drawn,  and  _ 
n  ralsiug  it,  another  positive  one,  and  this  may  be  repeated  foB 
u  indefinite  number  of  times. 

The  action  of  the  clectrophorns  may  be  thus  explained.  When  * 
<.ake  is  rubbed,  it  becomes  negatively  electrified  on  its  upper 
vc;  the  under  surface,  which  is  in  communication  with  the 
— ;;ii  through  the  tin  plate,  becomes,  by  induction,  positive  to  a 
Btnitar  extent,  the  particles  of  the  cake  being  thrown  into  a  pular 
OMidition.  It  thus  polarizes  the  metallic  plate  on  which  it  rests, 
liberating  negative  electricity  which  passes  off  to  the  earth,  whilst 
llie  met)il  preserves  a  positive  charge  which,  being  retained  by  in- 
iliictioD,  is  not  perceived  until  the  inductive  action  of  the  upper 
tartace  is  directed  to  the  metallic  cover.  If  the  metallic  cover  be 
how  brought  down  upon  the  upper  surface  of  the  cake,  it  only 
lonehea  the  resin  on  a  few  points,  and  from  the  inferior  conducting 
fower  of  the  resin  receives  but  little  direct  negative  charge  from 
(be  contact ;  instead  of  this,  the  under  surface  of  the  metal  be- 
oomes  positive  by  induction  from  the  resin,  whilst  upon  its  upper 
uirface  a  corresponding  amount  of  negative  electricity  is  set  free ; 
tUs  escapes  in  the  form  of  a  spark,  if  a  conductor  be  presented. 
On  raising  the  cover  after  the  escape  of  the  negative  spark,  the 
positive  electricity,  which  before  was  attracted  to  the  lower  surface  . 
of  the  metallic  cover  and  held  there  by  induction,  is  in  excess,  anil 
it  is  ready  to  escape  as  a  spark  when  a  conductor  is  presented  net 
enough  to  it.  As  the  resin  has  lost  none  of  its  charge,  the  pro-  ■* 
ocn  may  be  repeated  for  an  indefinite  number  of  times.*  If  after 
the  resinous  cake  of  the  electrophorus  has  been  excited  in  the 
usual  manner,  it  be  placed  upon  an  insulating  support,  and  the 
metallic  cover  be  brought  down  upon  it  by  means  of  the  insulating 
handle,  little  or  no  negative  electricity  will  be  obtained  from  the 
upper  plate  on  connecting  it  with  the  ground :  but  if  a  connexion 
be  made  between  the  upper  and  under  metallic  plate  by  touching 
ODC  with  each  hand,  a  slight  shock  will  be  felt  (205),  owing  to  the 
neotraliiation  of  the  positive  electricity  of  the  lower  plate  by  the  m 
libcmted  negative  of  the  upper.    On  now  raising  the  cover,  a  positii^ 


*  Thv  correctDesa  of  thia  eiplaaatioa  may  be  verified  by  aubatituting  for 

ftvntetaUui  cover  a  circular  dltk  oftiDfoilof  the  aame  diameter,  and  pretaing 

it  down  tuUi  complete  contact  with  the  resinoua  plate ;  od  remoring  the  tin* 

F.iil  it  will  bi>  found  to  have  diacharged  the  reainoua  plate  completely  ;  and  no 

.-^r  will  now  be eoannaaicable  to  the  inmilated  mel*ltw:  co-vei >bs^ 'fl"'^ 

I'  of  the  tvem  hag  beea  excited  anew  by  friction. 
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spark  may  be  obtained,  and  on  replacing  the  liischarged  cover  v] 
the  rcain,  the  same  series  of  phenomena  may  be  repeated  as  ofVci 
as  the  operator  pleases,  without  eiciling  the  resiu  auew  (205). 

(204}  Spread  of  Induction. — A    remark 
Fia.  156.  j(i,ie   peculiantj  in   eleetrical   induetion   hi 

^-^        -^        yet  to  be  noticed.     "When  a  charged  sphcp 
X  \     A,   ia  suspended  exactly  in  the  centre  of 

y  hollow  spherical  cavity,  b,  fig.  156,  inductit 
i  in   every  direction  as    the    squa] 
.  .   ^f  the  distance ;  but  it  is  quite  otherwise 

\  /    the  charged    ball  be    suspended    within   ll 

^v^_^_,/  hollow  sphere  in  any  other  position.  If  i 
compare  radiant  heat  with  induced  electricit 
it  will  be  foimd  that  the  approachof  a  cold  body,  s,  towards  a 
of  radiant  heat  does  not  aD'eet  the  radiation  to  the  objects  aroun 
excepting  in  the  case  of  those  which  are  immediately  sheltered  by  i 
shadow,  as  at  a,  fig.  156 :  not  so,  however,  if  wc  bring  an  uninsulati 
conductor  towards  a  body  charged  with  electricity.  The  approa< 
of  such  a  conductor  concentrates  the  inductive  action  more  or  Ii 
completely  upon  itself,  and  to  a  corresponding  extent  wttlidrw 
that  action  which  was  previously  directed  towards  the  surrouudic 
but  more  distant,  envelope.  The  fewer  are  the  inierveuiDg  pi 
tides  of  the  dielectric  air  to  be  polarized,  the  higher  does  t 
polarity  rise  in  each  particle,  and  the  more  completely  is  the  i 
duction  called  off  from  more  distant  objects ;  consequently 
smaller  the  distance  between  the  charged  and  the  disturbing  bo( 
the  more  complete  is  the  diversion.  The  polarity  of  the  interpoi 
air  may  at  last  rise  so  high  that  it  can  siislntn  the  tension 
longer,  and  a  spark  passes  between  the  two  surfaces.  Tlie  partic 
of  the  dielectric  are  in  a  forced  condition,  and,  like  the  coils  o 
spring,  tend  to  return  to  their  normal  state. 

This  important  fact  may  bo 
Fio.  157.  luatrated  in  the  following  way.     1 

A,  fig.  15;,  represent  an  insii]« 
circular  conducting  plate,  connec 
with  an  electroscope.  Giro  to 
plntc  A  a  email  poeiiire  chai^  { 
ficient  to  cause  divergence  of 
leaves  of  the  electroscope ;  then  C» 
.  a  second  con<luctiiig  plate,  b, 
is  uninsulated,  to  approach  the  pi 
Tlift  \cwcs  Mi  the  dccti 
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[|  gradually  collapse,  but  will  open  out  again,  when  b  is  withdrawu. 
[  J  i)iis  experiment  a  portion  of  the  positive  electricity  of  plate  d, 

I^^^uitaleut  in  quantity  to  that  of  the  charged  body,  a,  passes  oS  to 
the  earth.  Owing  to  this  lateral  action,  if  the  plate  b  be  retained 
ray  near  to  a,  the  plate  a  may  receive  a  considerable  amount  of 
durg«,  by  repeated  applications  of  a  body  feebly  charged,  provided 
tlist  such  body  is  freshly  charged  between  each  contact  with  a:  by 
thete  repetitions  small  quantities  of  electricity  may  be  accumulated, 
find  rendered  evident  by  suddenly  withdrawing  the  uninsulated 
i!c,  Bj  the  leaves  of  the  electroscope  diverge,  because  by  such 
■ihdrawal  the  whole  induction  is  directed  to  surrounding  objects 
Instead  of  being  concentrated  upon  n.  An  apparatus  of  this  kind 
hiu  l)ecu  called  a  candeitser,  from  its  power  of  collecting  and 
rendering  Tiaible,  by  repeated  contacts,  quautitiea  of  electricity  too 
'"iniite  to  be  otherwise  perceptible. 

(iOj)    The  Leyden  Jar. — By  substituting   a   solid  dielectric, 

ji-h  as  glass,  for  the  sheet   of  air   between  the  plates  a  and  b  in 

;iie  preceding  experiment,  a  much  higher  degree  of  induction  may 

be  obtained,  since  the  fixed  position  of  the  particles  of  the   glass 

prevents  them  from  moving  off  when  highly  charged.     In  fact,  a 

plate  of  glass  between  two  metallic  surfaces  constitutes  an  appa- 

iius   for  storiog  up  electricity;  and  is,  in  its 

•  n)])lcBt  form,  the  important  instrument  celc-  Fig.  158. 

lilted  from   the   place   of  its   discovery  as  the 

!.-yiUnjar.     Excepting  as  a  matter  of  conveni- 

I  lice  it  dues  not   signify  whether  the   glass  be 

^^^t  or  curved,  only  it   is   found  more  easy  to 

^^^■lipulate  with  jars  than  with  flat  plates.   The 

^^HEnary  form  of  Leyden  jar  is  represented  at  o, 

^^^.  158.      It    consists    of  a   thin    glass    bottle, 

'ith  a  wide   neck.       A  coating   of  tinfoil   is 

wted  upon   both   the   internal    surface,  i,  and 

t  outer  surface,  o,  to   within  three   or  four 

e  of  the  neck.     The  upper  portion  of  the 

IS  is  left  free  from  conducting  matter  in  order 

■erve  the   insulation  of  the  two  coatings. 

Binre,  stirmounted  by  a  brats  knob,  and  aup- 

1  by  a  smooth   plug  of  dry  wood,  serves 

iwnvey  the  charge  to  the  inner  coating,  with 

Biich  it  is  in  contact.     Such  a  jar  will  receive 

i  sustain  a  charge  of  much  higher  uitcnsity  than  a  simple  c 

jGttng  surface  of  brass  or  of  tinfoil  of  the  ean^e  c\U:&t. 


DtS-IRIDmON    O?    CHARGE    I\    THE    LET1 


818 

A  sitDple  experimeiit  will  suffice  to  show  the  correi 
this  statement.  A  single  turn  of  the  mnehiiie  will  be  sufficient  t 
cause  a  straw,  e,  fig.  158,  suspended  from  the  centre  of  the  gn 
du&ted  arc,  and  attached  to  the  prime  conductor  of  the  inaehini 
f,  to  assume  its  utmost  angular  repulsion,  but  if  the  knob  of 
Leyden  jar,  which  need  not  expose  a  coated  surface  of  an  citet 
equal  to  the  superficial  area  of  the  prime  conductor,  be  present* 
SB  at  F,  it  will  take  eight  or  ten  tiu-ns  of  the  machine  to  prodnt 
the  same  amoimt  of  repulsion ;  bright  sparks  will  pass  iu  rap 
succession  between  the  knob  and  the  conductor,  if  the  two 
separated  by  a  small  interval,  and  on  connecting  the  two  coatinj 
of  the  jar  by  the  discharging  rod,  d  (which  is  merely  a  joiul 
wire  terminating  in  brass  balls,  and  which  for  safety  is  insulal 
on  a  glass  handle],  the  eqnilibrium  is  restored  suddenly  and  co 
pletely  with  a  loud  snap  and  a  brilliant  spark.  If  the  dischai] 
were  allowed  to  take  place  through  the  arms,  or  any  part  of  tl 
body,  a  sudden  painful  sensation,  termed  the  electric  *hock,  woo 
be  experienced.  The  power  of  the  Leyden  jar  may  be  increasi 
by  iucrcasing  its  size ;  and  when  it  would  be  inconvenient  to  n 
jars  of  large  size,  a  similar  increase  in  power  may  be  obtained  I 
placing  a  number  of  small  jars  side  by  side  upon  a  sheet  of 
foil,  or  Other  conductor,  which  connect*)  together  all  their  out 
coatings,  whilst  by  means  of  wires  all  their  inner  cofittngs  a 
similarly  connected  with  each  other.  Such  an  arrangement 
jars  is  called  an  electrical  battery,  and  is  shown  at  fig.  i( 
p,  338.  If  the  jars  be  of  uniform  thickness,  the  power  of  the  bi 
tery  will  be  in  proportion  to  the  extent  of  the  coated  surface,  h 
the  intensity  of  the  charge  will  be  inversely  as  the  thickness 
the  glass. 

That  the  charge  of  the  Leyden  jar  depends  upon  an  action 
contiguous  particles,  polarization  taking  place  across  the  dielectri 
may  be  shown  by  takiug  three  or  four  laminie  of  glass,  and  pla 
ing  them  one  above  another  between  two  metal  plates,  thi 
forming  them  into  one  compound  plate,  and  then  charging  tl 
whole.  If  the  upper  plate  becomes  positively  charged,  the  low 
one  will  become  negative,  whilst  each  intermediate  plate  becom 
polarized,  and  thus  transmits  the  inductive  effect. 

As  might  be  anticipated  fi'om  this  experiment,  it  is  found 
the  charge  of  the  jar  does  not  reside  in  the  coating*,  whiob  mere 
act  as  conductors  to  liivuur  the   distributiou  and   escape   of 
electricity.     If  a  jar  be  fitted   with  moveable  coatings,  and  tl 
charged,  each  of  the  coating  may  l>e  removed  by  ;•  -mi'.!.!-  ;.. 
i  Jaljag  support ;  the  coatmgs  maj  \iB  WvniWA  \i!\i 
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r  mny  tlien  be  replaced  in  tliem,  and  it  will  give  s  powerful 
|vheu  discharged  m  the  usual  manner.* 

r  following  csperimeiits  will  elucidate  the 
I  of  the  Leyden  jar  tvhen  in  the  process  of 
;  a  charge.  Let  a  jar,  a,  fig.  159,  be 
I  apon  au  iiisulatiug  stand,  and  let  its  knob 
;ht  near  to  the  prime  conductor,  p,  of 
1  machiue  iu  actiun ;  under  these  cir- 
}  it  will  be  found  to  receive  little  or 
Now  place  an  uninsulated  conductor, 
'  its  onter  coating ;  sparks  will  pass  from 
tfie  knob  of  the  jar  a  ;  and  for  every  spark 
s  to  the  knob  of  the  jar,  a  spark  will 
•om  the  outer  coating  to  the  uninsulated 

If  the  jar  be  receiving  positive  electricity  from  the 
Kne  upon  its  interior,  it  will  be  found  that  an  equal  quantity  of 
pre  electricity  is  disengaged  from  the  exterior,  A  second  unin- 
id  jap  may  be  placed  so  as  to  receive  upon  its  knob  the  sparks 
Iheexteriorofthetirst,  it  will  thus  become  charged  to  an  extent 
I  to  the  chai^  of  the  first  jar.  Again,  if  three  insulated  jars 
1  as  in  fig.  160,  where  p  indicates  the  prime  conductorj 

Fia.  160. 


I  tlie  coating  of  the  last  jar  is  brought  near  to  a  wire,  k, 

eding  from  the  insulated   rubber  of  the  machine,  for  each 

!  that  passes  from  the  conductor,  p,  a  similar  spiirk  will  be 

. :  II  to  pass  between  each  of  the  jars,  and  between  the   last  jar 

■A  the  wire,  s.     In  this  way  each  jar  will  become  equally  and 

">crfully  charged,  although  both  the  machiue  and  the  jars  are 

niiietcly  insulated. 

From  the  foregoing   experiment?  it  is  plain  that  a  jar  when 


^Th0  jar,  if  ^ell  dried,  1 
BOomtion  like  the  cuke  of  tiie  electrophor 


will  be  found  after  this  diaeharv^e  etiU  to  retain  a 

.  boraa.     After  the  dtseharse,  if 

ir  coaling  he  wil.hdriiwn  by  an  iiiauUtiug  handle,  it  will  give  offa  ^oei- 

'r  apuk,  ud,  on  rcptiKiog  tlic  iKUting,  the  cake  tnaj  \>a  &  »e(:(nt&  X}v\a»  ^'A- 
•■■geJi  Mad  Uie  gnme  tutriita  of  operatigns  may  be  icpeaXeii  «e-(ei3\  \Sseisa. 
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charged  cont^s  no  more  of  either  electricity  tlian  it  does  in  i: 
neutral  condition,  but  the  distribution   of  the  two  force&  is  dilTel 
rent.     This  atatement   may  be  illustrated  by  aid  of  the  dla 

fig.  161  : — Let  No,  1  indicate  sal 
enlarged  eection  of  the  glass  sidsj 
of  the  jnr,  the  partially  sfaac 
circles  showing  its  particles  i 
the  neutral  state;  i  repreaentin 
the  sectiQD  of  the  ini 
'  coating,  and  o  a  section  of  tl 
outer  coating.  Let  No.  2  be 
section  of  the  same  jar  when 
charge  of  positive  electricity  ha 
been  thrown  by  tbc  isachio 
upon  the  inner  surface,  i.  In  this  case  a  corresponding  quu 
tity  of  negative  electricity  must  have  passed  off  from  the  eu 
coating  to  the  conductor  of  the  machine,  leaving  the  supc 
ficial  layer  of  particles  bodily  chained  with  positive  electridt] 
as  shown  by  the  white  circles  in  No,  2.  In  order  howerc 
that  this  charge  of  the  inner  layer  may  occur,  it  is  neceasar 
that  the  outer  layer  be  uninsulated,  for  reasons  which  will  1 
immediately  explained.  The  two  electricities  in  No.  a  are  repra 
sented  as  being  accumulated  on  opposite  sides  of  each  of  th 
particles  composing  the  layers  intermediate  betweeu  the  inner  a 
outer  superficial  layers  of  the  glass,  the  white  half  indicating  the 
positive  electricity,  the  black  half  the  negative.  Polarization  of 
each  particle  of  the  dielectric  glass  intervening  between  the  t»^ 
surfaces  is  produced,  aud  a  quantity  of  positive  electricity  i 
therefore  disengaged  from  the  second  surface,  which  is  euctl] 
equal  to  that  distributed  by  the  inuer  coating,  i,  upon  the  fintf 
but  unless  an  escape  be  afforded  for  this  exceiis  of  positive  elec* 
tricity  from  the  second  surface,  no  charge  is  received  by  the  jw, 
for  polarization  becomes  impossible,  and  00  appreciable  smouot  nf 
electricity  can  enter  the  jar  from  tlic  machine.  At  tiie  same  ti 
that  positive  electricity  is  escaping  from  the  outer  superficial  layn 
a  corresponding  quantity  of  negative  electridty  supplies  its  p 
consequently  this  layer  becomes  bodily  charged  with  ii^atifi 
electricity,  as  indicated  by  tlie  fully  shaded  circles. 

It  thus  appears  that  the  charging  of  a  jar  with  rlectridty  i 
totally  different  from  the  operation  of  filling  a  bottle  «itb 
liquid ;  tlie  electiicity  b  distributed  not  in  the  cavity  of  tl 
bottle,  but  in  the  substance  of  the  glass  itself.  Indeed  it  bu  be 
ttlrcady  atAted  that  a  flat  plate  itiW  «*&■««  wipsa?)  -w^  toA  ( 


'  ■,  liuFthe  jar,  from  ite  form,  is  for  the  sake  of  convenience  pie- 

ntd.      In  the  experiment  with   the  three    insulated  jars,  an  cx- 

'  mition  similar  to  the  foregoing  one  may  be  given.      A  quantity 

jjositive  electricity  passes  from  the  conductor   of  the  machine 

rhc  inner  surface  of  the  first  jar.      A  correapoudiiig  quantity  nf 

.<    ^mc   kind  of  electricity  simultaneously  passes  off  from   the 

[■osite  coating   into  the  ne:tt  jar,  which  in   its   turn   becomes 

iiilarly  polarized;  and  so  on  in  succession,  until,  from   the   last 

r,  a  quantity  of  positive   electricity  passes  to  the  rubber,  exactly 

'iicient  to  neutralize  the  negative  electricity   liberated   by   the 

I'lune,  whicli  is  necessarily  equivalent  to  the  positive  electricity 

uranlated  on  the  internal  surface   of  the   first  jar.     It  is   not 

■'Tssary  that  the  last  jar  be  connected  with  the  rubber  directly, 

same  object  will  be  attained  by  allowing  the  discharge  to  take 

[,.^-e  into  the  earth,  provided  that  the  rubber  also  be  in  condnct- 

ing   commumcation  with  the  earth.     Although  it  is  u^ual  in  the 

cLorgiDg  of  a  jar  to  connect  the  internal  coating  with  the  prime 

'-ittductor,  yet  the  jar  may  be  charged  equally  well  if  its  insulated 

Umal  coating  he  connected  with  the  conductor  whilst  the  inner 

'liug  is   made  to  communicate  with  the  earth;  in   this  case, 

iVtcver,  the  charge  on  the  outer  sui-face   is  positive,  whilst  the 

i  L'r  surface  becomes  negative. 

Each  jar  in  the  series,  fig,  i6i,  thus  receives  a  charge,  though 
ly  one  has  been  placed  in  connexion  with  the  machine ;  the 
|ii^}rflnou8  electricity  upon  the  outer  coating  of  the  first  having 
irged  the  second,  and  so  on.  If  the  insulations  he  good,  and 
'f  glass  of  the  jars  thin,  the  last  jar  will  he  charged  very  nearly 
'  tlie  same  extent  as  the  fii-st. 

Wlien  all  the  jars  have  been  thus  charged,  all  will  be  simnl- 
^leoneiy  discharged  if  the  inner  coating  of  tlie  first  jar  he  con- 
iied  with  the  outer  coating  of  the  last;  but  although  no 
:i  atcr  amount  of  electricity  passes  between  the  two  extreme  jars 
:  jti  would  have  passed  between  the  inner  and  outer  coating  of  a 
ij^le  one,  Dove  has  pointed  out  the  remarkable  fact  that  the  dis- 
iTice  through  which  the  spark  passes  is  very  much  greater,  and 
'  ir  equal  charges  it  is  found  to  increase  as  the  squaie  of  the 
limber  of  jars  thus  discharged  :  if  a  spark  of  one  inch  in  length 
ained  with  one  jar,  with  two  jars  the  spark  would  he  4 
1,  with  three,  9  inches,  with  four,  16  inches,  and  bo  on.  In 
}iioe  the  distance  is  soraethiug  less,  liecause,  owing  to  imper- 
linaulfttioD  and  to  the  resistance  of  the  glass  to  receive  n 
t,  each  succeeding  jar  receives  a  aoraeiK\iB.1.  -Rt^CT  "^vc^te. 
ijAe  <me  which  precedes  it. 
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(206)  Measures  of  Electricity.— It  is  upon  the  princi] 
txplaiucd  that  Slow  Harris  has  conBtructed  hia  Unit 
rocasiiriug  out  cleiiuite  quantities  of  electricity.     The  unit  jwi 

miniature  Leydeu  jar   mounted  on  »' 

^'*'*  ■"^-  eleuder  iusulating  rod  of  glaw-    AU 

t.  tached  to  the  outside  of  the  jar  u  ■ 

/'  Q  ^V^  ^^^  termiuatiug  in  a  ball,  a,  fig.  t6i, 

/  \  pai'allel  to  the   uiiuol   wire   and  baQ 

I  which  pasBes  to  the  interior ;  on  the 

/  \  wire   connected  with  the  inside,  i*  k 

A  )C^~  third  sliding  ball,  b — this  can  at  plei- 

^  ^r     sure  be  brought  to  any  required  dis-' 

T  tance  from  the  ball,  a,  which  it  coo-' 

^^\  netted    with  the  outside:    whilst  tlia, 

■9H  uuit  jar  is  becomiug  charged  from  the- 

^^^Hl  machine  (say  that  its  outer  surface 

^^|HV  rendered  positive,  as  represented  in  tilt 

^^^  ^fc  figure),  an  equal  quantity  of  poeitire 

electricity  is  passing  off  from  the  interior 

along  the  wire,  w,  attached  to  the  inside  of  the  jar,  b,  which  is  to  ba 

loaded  with  a  definite  quantity  :  as  soon  as  the  charge  in  the 

measure   rises   sufiicicntly  high,  it   discharges  itself  between 

adjusted  balls,  a,  b,  without  affecting  the  charge  iu  tho  jar,  B. 

second  charge  is  now  given  to  the  unit  jar,  which  discharges  i 

when  it  rises  to  the  same  amount  as  before:  during  each  aui 

rive  charge  of  the  unit  jar,  a  corresponding  quantity  of  poritlT 

electricity  passes  from  its  exterior  into  b,  so  that  by  counting  th 

number  of  sparks  that  pass  between  a  and  6,  the  number  of  eqtn 

quantities  or  arbitrary  units  which  have  been  given  to  the  jar,  a,  1 

asccitaincd.     Supposing  the  adjustment   of  tlie  balls,  a  and  b,  i 

remain  tlie  same,   the  jar   b   may   l»e   made  I 

Fio-  "^3-        receive,  for   any   number  of  times    suc»-Eairel; 

I  ^=i       equal  amounts  of  electrical  charge,  by  onustug  ■ 

*^r~f~^  equal  number  of  discharges  of  the  unit  jar  10  bik 

place  in  each  case. 

Other  means  have  been  proposed  for 
an    equal   accumulation    of  electricity   in   k  ji 
r  Lane's  discharging  electrometer  is  the  umplest  < 
tiiesc.     One   form  of  the  apparatus  is  shown  f 
fig.  163  ;  its  principle  of  actiou  will   be  at  otux 
apparent,      l  is  au  ordinary  Leydeo  jar,  in  the  ball, 
A,  of  mh\c\  a  \m>W  w  iVT\\\«>k  tn  tvc-m^  th«  bn*^ 
pin   of  tW  dectroTnc^x^T  ■,   tl  >miA  ^m^  *xia,  ■ 
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^ipoii  Its  lower  extremity  a  brass  socket,  c,  througli  wliicli 
I  insulated  rod  earning  a.  brass  knob  on  eitlier  extremity : 
f  Uiew  baUs,  /,  can  lie  placed  at  any  required  distance  from 
Ij  of  the  Leydeii  jar.     A  chain  or  wire,  w,  effects  a  com- 
»tioii  between  the  Bliding  rod  and   the  outside  of  the  jar. 
B  interval,  a  /,  be  maintaiued   uniform,  the  jar   will  always 
t  the  same   amount  of  charge  before  the  discharge  takes 
)  between  these  two  balls,  a   and  /.     The  quantity  of  elec- 
T  in  the  charge  is  proportioned  to  the  distance  between  the 
"WI«;  with  an  interval  of  half  an  inch  the  force  would  be  double 
tint  required  when  the  distance  was  only  a  quarter  of  an  inch. 

The  force  of  attraction  between  two  charged  surfaces  has  been 
measured  by  an  ingenious  modification  of  the  common  balance 
devised  by  Snow  Harris.  A  light  disk  of  gilt  wood  is  substituted, 
u    shown     in 

fig.     Ii54,     for  Fio.  164. 

ooe  of  the  pans 
of  the  balance ; 
'uieath  it  is  a 
<ond  similar 
I'ulated  disk: 
i(c  BDopcnded 
'  -k  and  the 
l^iance  beam, 
Uiroogh  its 
support,  are 
miuiected  with 
the  exterior  of 
X   Lcrden  jar; 

liie  lower  insulated  disk  with  the  interior  of  the  jar.  By  charging 
tlic  Leyden  jar  with  definite  quantities  of  electricity  by  nieana  of 
the  anil  jar,  the  laws  which  regulate  the  attractive  force  were 
experimentally  determined.  One  or  two  of  the  more  important 
resttlts  may  l>e  given  as  an  illustration  of  the  mode  of  proceeding. 
Tf  k  Lej'deu  jar  charged  with  a  certain  quantity  of  electricity 
■■roduce  between  the  disks  an  attractive  force  sufficient  to  raise  4 
_ Tains,  it  will  when  charged  with  double  the  quantity  raise  four 
•ucst  the  amount,  or  16  grains;  with  three  times  the  quantity  it 
Mill  raise  nine  times  the  amount,  or  36  grains;  consequently,  if  the 
rahttit  of  charged  surfacG  continue  constant,  the  attraction  increases 
aa  tlic  sqtiare  of  the  quantity. 

WbcD  two  eijual  and  similar  jara  arc  nacd  inttcad  o?  caa  \«t- 
f  tie  aame  qaautitv,  say  tea  units,  i»  itstnWVci  otct  'i.Wmi'&sR 
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attractire  force  will  be  diminished  to  J,  and  with  tliree  jare  to  I  at 
what  it  was  when  a  single  jar  was  employed.  Thus  a  [itiaiititr 
which  OD  one  jar  would  raise  1 8  grains,  would,  if  diS'uaed  over  t'o 
similar  jars,  raise  only  4I  grains;  and  if  diffused  over  three,  it 
would  raise  only  2  grains.  If,  therefore,  the  quantity  remain  con- 
stant, the  attractive  force  is  inversely  as  the  squares  of  the  cha^ 
surfaces  of  the  jars.  When  the  distance  between  the  disks  m 
altered,  it  was  found  for  charges  of  equal  intensity,  that  tlie  attnfr 
tive  force  varied  inversely  as  the  square  of  the  distance, — the  attnc- 
tive  force  being  4  times  as  great  at  1  inch  aa  it  was  at  2  indies 
di&tance. 

(207)  Specific  Induction. — It  has  been  shown  that  the  indofr 
tion  between  two  coaductitig  plates,  one  of  which  is  insnlatcd 
while  the  other  communicates  with  the  earth,  is  facilitated  by 
diminishing  tlie  thickness  of  the  dielectric  which  separatee  then, 
and  that  the  insulated  plate  is  enabled  to  receive  a  higher  amauat 
of  charge  by  reducing  the  number  of  particles  of  the  dielectric 
which  undergo  polarization.  It  is  evident  from  this  circumstance 
that  the  polarization  ia  attended  with  a  certain  amount  of  rcn^ 
tancc.  Faiaday  discovered  that  this  resistance  varies  in  amount 
with  the  material  of  the  dielectric  employed ;  some  suhatanm 
becoming  polarized  more  readily  than  others.  The  relative  fiicilitj 
of  induction  through  the  different  bodies  as  compared  with  a  com- 
mon standard  constitutes  their  specific  inductive  capacity.  A  ttUte 
of  shell  lac,  fur  example,  of  an  inch  in  thickness,  allows  induction 
to  take  place  across  it  twice  as  readily  as  does  an  equal  thicknfM 
of  atmospheric  air,  and  sulphur  with  a  facility  equal  to  that  of 
ahell  lac. 

The  following  tabic  represents,  according  to  Snow  Hsnii 
'  \  lYans.,  184Z,  170),  the  specific  inductive  power  of  varitnu 


Air    .     . 
Rcmn 
Pitch     . 
Bees'-wax 
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Snlphiir 
Shell  lac 


1-90 
■■95 


The  fuudametilal  fact  may  be  shown  by  the  followiag  sii 
ex])eriuicut  [lig.  165].  About  i|  inch  afaorc  the  cap  of  b  gdll 
leaf  electroscope  siispeod  an  insulated  disk  of  metal,  and  comioit' 
uicatc  a  small  charge  to  tlie  iiisuhtcd  di^k ;  the  gold  leaves  imuw- 
1  diateljr  divcr^  by  iudniCtvia.  Bctvoeu.  the  di&k  and  tbo  electfo- 
lope  Mibstitate  for  tW  &uiieiAno  «tXt%>»A.-s  ^^iG^i«3LV;\w!s)iaiMih< 


h  vt  greater  tTian  that  of  air,  such,  ^'o.  165 

^or  example,  aa  a  plate  of  shell  lac,  s,  an 
inch  iu  thickness,  and  mounted  od  aa  ia- 
fulating  handle ;  the  leaves  will  immedi- 
■tdy  diverge  more  widely,  because  induc- 
tioQ  totrards  the  instrument  takes  place 
TiiDit!  freely  ;  on  removing  the  shell  lac 
:lii;  leaves  of  the  electroscoiie  return  to 
■  heir  original  divergence.  The  effect  is  pre- 
liely  similar  to  that  which  would  be  pro- 
need  by  i)ringicg  the  charged  plate  nearer 
'1  the  electroscope  iu  air.  Similar  phe- 
iiomeaa  occur  if  a  mass  of  aulpbur  or  of  ' 
Testa  be  substituted  for  the  shell  lac. 

In  good  conductors  no  such  polarization  can  be  traced,  and  in 
imperfect  conductors,  such  aa  spermaceti,  the  results  1)ecome  in- 
distinct. 

With  gaseous  bodies  no  difference  in  specific  inductive  power 
is  found  to  exist ;  it  is  remarkable  that  the  chemical  nature  of  the 
gas  has  no  influence ;  all  gases  having  the  same  inductive  capacity 
as  common  air.  No  variation  in  temperature,  in  density,  in  dry- 
ness, or  in  moisture,  produces  any  change  in  this  respect.  The 
apparatus  with  which  Faraday  investigated 
these  curious  phenomena  was  a  kind  of  Ley- 
den  phial  (fig.  166),  consisting  of  two  con- 
centric metallic  spheres,  a  a,  insulated  from 
each  other  by  a  stem  of  shell  lac,  b.  Any 
dielectric  could  in  succession  be  placed  be- 
tween the  spheres,  whether  the  subject  of 
experiment  were  sohd,  liquid,  or  aeriform,  as 
tjy  connecting  it  with  the  air-pump  by  means 
"i  the  atop-cock,  s,  it  could  be  exhausted,  and 
tlie  interval  filled  with  any  gaseous  medium, 
with  the  same  facility  as  with  a  liquid  {Phil. 
I  TVoFW.,  1838,  p.  9),  Two  of  these  jars  having 
been  prepared,  a  charge  was  given  to  one 
iif  tbcm,  after  it  had  been  filled  with  the  body 
tlieinductivecapacity  of  which  was  to  bedeter- 
td,  and  the  charge  was  then  divided  with 
i  second  similar  apparatus,  in  which  the  in- 
pal  between  the  spheres  was  only  filled  with  1 

The  intensitj  of  the  charge  in  each  caw 
Wmeatared  by  means  of  a  carrier  ball  and  Co\Ao'a^  a  ^fciAi'i^att'v.« . 


I 
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am      VARIOVS  MODES  OP  ELGCTRIta 

{ao8)  Various  Modes  oj  Discharge. — ^We  pass  on  now  to  cOtt- 
sider  the  different  modes  in  whicli  the  electric  equililmum  ia  re^ 
stored  after  it  has  been  disturbed ;  this  restoration  may  be  effected 
in  one  of  three  ways,  for  the  escited  body  may  be  discliarged  eitbef 
by  conduction,  by  disruption,  or  by  convecliun. 

(209)  Conduclion. — When  a  charged  Lcyden  jar  is  disebarged 
in  the  U!*ual  way  through  a  diacbargii^  rod,  the  electricity  paaMt 
quietly  through  the  wire  of  the  discharger  by  conduction,  bat  tr** 
veraes  the  iiiterpoiied  air  by  disruption,  in  the  form  of  a  spark 
attended  with  noise. 

All  bodies,  shell  lac  and  glass  not  excepted,  possess  a  certain 
amount  of  conducting  power,  which  gives  rise  to  the  phenomenon 
termed  the  residual  charge  of  a  jar,  or  battery.  If  a  jar  be  charged 
strongly,  and  allowed  to  remain  undisturbed  for  a  few  minutes,  and 
then  be  discharged,  a  slight  apparent  reuewal  of  the  charge  will  take 
place,  and  a  second  smaller  spark  may  be  obtained  from  it.  Tliii 
Faraday  considers  to  Ire  due  to  the  penetration  by  couduction  of  ft 
portion  of  the  charge  into  the  substance  of  the  dielectric.  Each 
surface  of  the  glass  acquires  a  weak  charge,  one  of  positive,  th« 
other  of  negative  electricity ;  but  as  soon  as  the  constraining 
power  which  caused  this  penetration  of  the  electricity  is  removed, 
it  returns  towards  the  nearest  surface  and  produces  the  slight  re> 
charge,  or  residual  charge. 

As  DO  bodies  are  perfect  insulators,  so  none  are  perfect  con- 
ductors, for  even  the  metah  offer  a  certain  measurable  resistance 
to  the  transmission  of  electricity.     The  following  experiment  will 
serve   to   illustrate  this  poinu 
Charge  a  large  Leydeu  jar  (fig, 
167),   and   arrange  a  metallig 
wire,   w,    50    or    100   ft«t    in 
Ifngth,  so  as  to  aet  the  part  of 
a  discharger;  at  the  same  time 
open  a  short  path  for  the  di^ 
charge  to  the  outer  coating,  by 
bringing  the  balls  a  and  b  with- 
in   a    short  distance   of   eachi 
other.    Under  this  arrangement,  a  portion  of  the  electricity  lakea 
the  shorter  course  from  a  to  b,  and  overcomes  the  high  retistiuioJ 
of  the  stratum  of  air  inter])08ed   between  the  balls,  owing  to  tW 
resistance  experienced  by  the  discharge  to  its  passage  along  tlic 
continuous  conducting  wire,  w. 

This  resistance,  even  m  good  conduciora,  often  occnsions 
ipu-k  to  pass  between  Ivo  coaUguoos  con^oiAaia,  w^  v'^^ 
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hat   has    been  P"»-  '''8. 


^ 


I  ailed  the  lateral 
I  iMri,  which  fian 
V'  elicited,  even 
!  tbe  contluct- 
'  rs  subsequently 
Jiile  below. 
iliiifl,  in  fig.  1 68, 

^■i  tbe  momeut  a  Bpark  passes  from  i'  to  the  ball,  a,  a  minute  spark 
viU  be  seen  to  pasa  betweeu  the  wire  and  the  loop,  6,  if  they  be 
ijfficicntly  near  each  other.  This  lateral  apark  may  acquire  sufii- 
.Jt^ut  power  to  ignite  gunpowder  or  other  combustible  matter. 
In  fact,  momentary  as  is  the  duration  of  the  discharge,  induction 
tA«  place  towards  all  surrounding  objects  whilst  electricity  ia  in 
miition,  as  well  as  when  it  is  at  rest. 

If  ill  a  darkened  room  a  thin  insulated  wire  be  made  to  ter- 
minate at  each  extremity  in  a  metallic  ballj  and  on  one  ball  large 
sparks  be  thrown,  whilst  from  the  other  ball  the  sparks  are  allowed 
to  pass  olf  to  some  contiguous  conductor,  the  air  will  be  seen  to 
become  feebly  luminous  from  induction  along  the  whole  course  of 
_rtbe  wire  every  time  that  a  spark  passes. 

Hj^  (309  a)  Devtlopment  of  Hvat. — The  passage  of  electricity 
iPftHIQgb  conductors  is  attended  with  evolution  of  heat,  the  amount 
™'ij|f  which  is  inversely  as  the  conducting  power.  Suow  Harris 
[Phil.  Trajig.,  1H27,  31),  by  means  of  an  air  thermometer  with  a 
large  bulb,  across  which  were  passed  in  succession  wires  of  difle- 
rent  metals  but  of  equal  length  and  thickne^^,  found  that  when 
equal  quantities  of  electricity  were  discharged  through  thtM'  nii-es, 
tlie  heating  effects  were  as  follows.  The  metals  which  stand  first 
on  the  list  are  the  best  conductors,  and  they  emit  the  least  heat : — 


Development  0/  Heal  in  Metals  by  Electricity. 


Copper  . 
Silver 
Gold  .  . 
Zinc  .  . 
Platinum 
Iron  . 
Tin  .  . 
Lead  .     . 


6 

Altoiii. 

6 

Brass.     .     .     . 

.   =   18 

y 

Gold  3,  Copper  I 

■  =   35 

18 

Gold  1,  Copper  3 

■   =    '5 

S" 

Gold  3,  Silver  1 

■  =  25 

V 

Tin  I,  Lead  i     . 

•  =  J4 

3« 

Tin  1,  Copper  8 

.  =    18 

It  will  be  seen   that   by  alloying  tbe  loetaVa  ■yiW\  cskV  (i\,V\w , 
the  coatlacting  power  la  often  grcatljr  reduced.     titea.\.  case  ^wi«.4»- 


I  a>  pmty  of  the  metals  in  e 

•  tf  ekctricity  be  transmitted  tbrongl 
iAk  tbe  rise  of  temperuture  is  propor- 
k  qantitT  trausniitted  in  equal  timea : 
vlfa  a  ^rea  cbarge,  rise  lo",  a  chai^^ 
m  Smr  times  as  much,  or  40°. 
^  t&e  thickness  of  tiie  conductor  at  one 
«  hkt  be  raised  so  far  as  to  fusu  the 
rr  s  into  f^iour. 
-3ji^  required  to  produce  this  effect,  whea 
_  ,t  X  bond  to  be  equalljr  powerful  wbetlier 
K  «  a  small  surface ;  tbe  inietutU}/  (i. 
k  a  given  space  in  a  given  time)  k 
—  -m  wk  cases,  thougb  the  intensity  of  the 
_— .  <if  the  jar  is  very  different.  Where 
•  ■  jdty  are  needed,  a  corresponding  extent 
— j*^ ;  this  may  be  obtained  either  by  em* 
^oc  dimensions,  or  several  smaller  ones, 
HA  m  connected  by  wires,  and  tbe  outer 
(  bf  placing  them  upon  a  sliect  of  tinfoil, 
Br  dtscharging  such  a  battery  through 
1'  alnr,  steel,  platinum,  or  cupper,  for  in- 
1  and  dispersed. 

The  arrangement  re- 
presented   in     fig.     169, 
shows  one  method  of  em- 
ploying   such    a    batteiy 
for    the    deflagration    of 
metallic  wires  :  nine  jsra 
are    in   this    case    repre- 
sented ;  they  are  enclosed 
in  a  wooden  case,  B,  and 
,  I'cston  tinfoil,  which  com- 
municates with  the  cuth 
through     the     chain    c. 
The    battery   ia   chained 
from     the     prime     con- 
•  -]  roatiug«  of  all  the  jars  are  connected  by 
10  direct  llie  discharge  uf  the  battery,  a 
,1  coating  to  the  insulated  upper  arm,/, 
1  -wcond  '^  vnawa  from  the  ball   J,  to  odb 
|m  oa  ibc  8l»\i  «t  l\\ft  «.irtcCT».tt\  UMAmTutt  », 


\ 
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4br^e8agratioD,  w,  is  feetened  to  a  cftrd  vbict  is  also 
Led  on  a  little  stand  insulated  by  glass  j  and  tbo  comDiunica- 
with  the  esterual  coating  of  the  battery  is  continued  by  a 
»ire  connected  witb  tbe  other  insulated  support  of  the  universal 
disciiai^er  1) ;  thus  tbe  conducting  communication  is  complete 
with  tbe  exception  of  tbe  interval  between  a  and  6.  When  the 
hattwy  is  adequately  charged,  the  lever  I  is  witbdrawn,  tbe  ball  a 
and  its  attached  wire  are  thus  released,  and  fall  through  a  hole  in 
die  metallic  aroi/,  which  is  coooccted  witb  the  inner  coating,  and 
the  circuit  is  completed  when  the  balls  a  and  b  come  into  contact. 
It  must  be  observed  that  in  all  cnses  of  conduction  tbe  charge 
passes  through  tbe  whole  thickness  of  tbe  rod  or  wire,  and  is  not 
eon&oed  to  its  surface :  it  therefore  makes  do  difference  whether 
the  metal  is  in  tbe  form  of  wire,  or  is  e.tteudcil  over  a  large  surface 
IS  leaf.  The  induction  at  any  part  of  the  wire  during  the  dis- 
durge  is  mainly  from  one  transverse  section  of  the  wire  to  the  con- 
tiguous section  that  immediately  precedes  and  that  follows  it. 

The  dispersion  of  the  conductor  by  the  passage  of  high  charges 
if  electricity  leads  us  to  consider  next  what  Faraday  terms  tbe 
iiyruptive  discharge. 

(210)  Disritptive  Discharge. — This  mode  of  discharge  is  at- 
'.nded  by  sudden  and  forcible  separation  of  the  particles  of  tlic 
.i;-ilium  through  which  it  occurs ;  and  it  is  attended  witb  extrica- 
':';n  of  light  and  heat.  It  is  best  seen  between  two  conductors 
-  jamted  by  a  dielectric,  such  as  two  metallic  balls  in  air.  In 
riL-se  cases,  when  a  sudden  bright  spark  passes,  the  discharge  is  a.s 
'  iimplete  as  if  it  had  been  effected  by  direct  metallic  communica- 
tion. Tbe  particles  of  the  interveitiug  dielectric  are  brought  up  to 
a  highly  polarized  state,  until  at  length  tbe  tension  on  one  particle 
rising  higher  than  the  rest,  and  exceeding  that  wbich  it  can  bus- 
tain,  it  breaks  down;  the  balance  of  induction  is  thus  destroyed, 
and  tbe  discharge  is  completed  in  the  line  of  least  resistance. 

In  all  these  cases,  portions  of  the  solid  conductors  are  de- 
tached, atid  by  their  ignition  increase  the  brilliancy  of  tbo  Bjtark. 
Tbia  transfer  of  material  particles  by  tbe  spark  is  easily  proved, 
for  if  sparks  be  caused  to  pass  between  a  gold  and  a  silver  ball, 
llic  surface  of  tbe  gold  becomes   studded  with  particles  of  silver, 
and  vice  vered.     If  an   iron  chain  be  laid  on  a  sheet  of  white 
r"ipCT,  and  a  powerful  discharge  he  sent  through  it,  each  Unk  will 
ne   upon   the   paper  a  stain,  arising  from  the  portions  of  tbe 
■till  which  liavc  been  detached ;  and  if  the  discharge  be  efiected 
tr  a  plate  of  glass,  jjarlicles  of  tbe  metal  ate  fTet^ueaU-j  foxoti 
■»  it.     Tbe  experiment  may  be  varied  by  aus^ttiiu^  xVc  doaia. 
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^ftAik  no^  and  passing  the  discharge  throogh  it;  1 
ft  «f  the  iron  will  be  seen  at  each  link. 
Slacks  atiended  irith  disruptiou  may  also  take  place  i 
k  af  Gqiid  dielectrics.  More  rarely  diBruptiou  from  the  fcw 
of  lb*  taAaige  occurs  in  solids:  cccasionally  this  is  exemplifie 
m  the  ItfrdcB  ju-  itseir,  the  tension  upon  the  glass  now  and  the 
EiBBg  GO  high  that  the  glass  is  perforated.  Across  this  fractui 
ililiiiil^i  slways  aflernards  occurs ;  so  that  no  e0'ectirc  charge  '■ 
•  bafcteiy  can  be  maintained  till  the  cracked  jar  is  removed.  Th 
disniptioa  of  glass  may  be  produced  at  pleasure  by  bending  a  n 
n  that  ita  pCHnt  may  press  against  the  side  of  a  tul>e  or  otb 
▼eeael  filled  with  some  liquid  dielectric,  such  as  olire  oil.  < 
cbarging  the  wire  from  the  prime  conductor,  and  applying  a  h 
to  the  outside  of  the  tube  opposite  the  end  of  the  wire,  a  aps 
puses,  and  a  minute  perforation  is  produced. 

Great  expansion  of  the  air  occurs  from  the  heat  developed 
tbe  moment  of  the  discharge,  as  is  shown  in  the  following  exp 
riments.  Paste  a  atrip  of  tinfoil  on  glass,  cutting  it  through 
two  or  three  places  with  a  knife ;  place  a  few  wafers  or  other  lig 
bodies  over  the  interrupted  points,  then  discharge  a  jar  throu 
the  tinfoil,  and  the  wafers  will  be  immediately  scattered  ia  i 
diiectious.  If  a  card  or  half  quire  of  paper  be  placed  iu  the  di« 
tiou  of  its  thickness  in  the  track  of  the  discbarge,  the  card  or  t 
p^>cr  will  bo  burst  outwards  on  both  sides. 

Mauy  pleasing  experiments  may  be  made  by  causing  a  ei 
ceflaiott  of  discharges  to  occur  through  such  interrupted  ■ 
doctors :  a  beautiful  display  of  the  electric  light  may  thus  be  ( 
lubitcd  in  a  darkened  room. 

tin)   t'eloeity  of  Discharge. — Of  the  velocity   of  the  i 
tiavhar^  sonic  notion  may  be  formed  from  the  brief  duration 
it»  lijcbt.  which  cjknnot  illuminate  any  moving  object  iu  two  R 
CWMW  positions,  however  rapid  its  motion.     If  a  wheel  be  ihroi 
1  rotation  on  its  axis,  none  of  its  spokes  will  be  visible 
t  if  the  revolving  wheel  be  illuminated  in  a  darket 
1  discharge  of  a  Leydcn  jar,  every  part   of  it  will 
I  distinctly  visible   as  though  it  were  at  rcat.     In 
Aticr,  tbo  trees  even  when  agitated   by  the  wind  m 
t,  if  illuminated  at  night  by  a  flash  of  lightuiag,  i 
|W  Kf.  \»  tibsolutuly  motionless. 

kh  %  %xr\  ingenious  application  of  this  princijile  WbcatMta 
^^tdkwa  liut  the  duration   of  the  spark 
Mil  of  »  second,     fbc  u^^atatna 
f  Rvolriug  viXvuSi. 
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Bt  a   modification  of  the   apparatus,    Wheatstone   was  also 

ibled  to    measure    tlie  velocity  with  wljich  the   discharge  of  a 

fden  jar   was  transmitted  through   an   insulated  copper  wire. 

timated  the  rate  of  its  passage  at  388,000  miles  in  a  second 

TVan*.,  1834,  p.  589).     For  this  purpose  he  employed  an 

itcd  copper   wire  about    half  a   mile   long,  through  which  a 

jar  was  discharged.     This  insulated  circuit   was  inter- 

at   three  points  ;  one  of  these  interruptions  was  within  a 

of  the  inner  coating  of  the  Leydeu  jar ;  the  second  was 

middle  of  the  wire,  and  the  third  within  a  few  feet  of  the 

coating  of  the  jar.     The  parts  of  the  wire  at  which  these 

breaks  in  the  circuit  occurred  were  oil  arranged  side  by  side 

'OB  an  insulated   disk,  so   that  the  three  sparks  could  he    seen 

lUQultaneoualy.     la  Eg,  170  a  wire  is  represented  as  proceeding 
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from  the  knob  of  the  jar  to  an  insulated  rod ;  when  the  charge 
Utstns  a  certain  intensity,  a  spark  passes  between  this  rod  and  a 
Tiia]]  knob  attached  to  the  axis  of  the  revolving  mirror,  m  :  to 
111!  extremity  of  this  axis,  the  wire  which  passes  to  the  outer 
jaling  is  fastened;  but  the  discharge  is  made  to  traverse  the 
■  hole  length  of  the  two  intervening  long  contorted  portions  of 
'ite,  before  it  reaches  the  outside  of  the  jar.  The  three  sparks, 
'"  viewed  by  the  naked  eye,  appear  to  be  simultaneous.  If 
iiewed  through  the  glass  plate,  e,  in  a  small  steel  mirror,  m,  to 
"iiich  is  given  a  regulated  but  extremely  rapid  revolving  motion 
"n  an  axis  parallel  to  its  surface,  the  sparks  appear  no  longer  as 
dot*  of  light  in  the  same  horizontal  line,  but  present  the  appear- 
Vice  of  three  bright  lines  of  equal  length.  The  two  outer  ones 
imence  and  terminate  in  the  same  horizontal  line,  but  the 
one  occurs  later  than  the  other  two,  and  the  angular  posi- 
of  the  mirror  has  had  time  slightly  to  advance  before  the 
lie  spark  appears,  which  consequently  exhibit*  tUB  \i<a,'«%& 
1/  displaced.     As  the  velocity  of  rotat\oQ  qS  iW  mw(«  S* 
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recorded  by  the  register,  b,  and  the  amount  of  tb»  angoUr  S 
tion  of  the  image  of  tlie  central  spark  is  easily  asnertaioed,  tic  »B 
tardatiou  of  the  discharge  by  the  copper  wire,  or,  in  other  votii,  I 
the  velocity  with  which  it  travels  along  it,  can  be  estimated. 

This  experiment  has  another  important  signification,  to  whid  I 
due  weight  appears  hardly  to  have  been  given ;  for  it  afibrds  i 
convincing  proof  of  Bimultaneous  action  and  reaction  in  the  open-  ] 
tions  of  electricity,  and  of  its  existence  as  a  duplicate  force :  at  tlie  I 
same  moment  that  a  positive  influence  leaves  the  inner  coating,  i 
equal  amount  of  negative  influence  leaves  the  outer  coating,  uia  ] 
these  two  neutralize  each  other  at  the  central  point  of  the  coo-  J 
ductor,  after  the  lapse  of  an  extremely  minute  but  still  appreciable  j 
interval  of  time.  It  appears  from  this  experiment  that  Franklin'*  I 
theory  (197),  though  in  many  cases  a  simple  and  convenient  mode  I 
of  explaining  facta,  is  not  the  true  representation  of  the  phenomena.  I 
The  theory  of  two  fluids,  or  rather  of  two  forces  acting  in  oppoute  t 
directions,  seems  by  this  experiment  to  be  demonstrated. 

The  velocity  of  the  electric  discharge  is,  however,  found  to  raiy   , 
with  the  intensity  of  the  charge,  and  with  the  nature  of  the  ( 
ducting  medium  (Faraday,  Pfiil.  Mag.,  March,  iS_54).     The  dura-   I 
tion  of  the  discharge  may  he  prolonged  by  causing  it  to  take  placej 
through    bodies  of  inferior  conducting  powers.     A   chat^  of  I 
given   amount,  if  transmitted   slowly,   by  the   prolonged  period 
through  which  its  heating  powers  can  he  applied  to  a  combustiblm 
may  be  made  to  ignite  bodies,  which  the  same  charge  more  quickla 
transmitted  would   only  have  dispersed : — thus,  if  two   ; 
wires  be  brought  within  an  eighth  of  an  inch  of  each  other,  i 
if  a  little  loose  gunpowder  be  placed  over  the  iutenal,  the  powdc 
will  simply  be  dispersed  if  the  chaise  of  a  Leyden  jar  be  ■ 
through  the  wires ;  but  if  a  few  inches  of  wet  string  be  iuteip< 
in  any  part  of  the  cirenit,  the  discharge  will  be  prolonged  sufficiently  n 
to  fire  the  powder. 

(212)  Striking  Distance. — In  air,  whatever  be  its  dcosity,  1 
same  amount  of  chaige  produces,  cteleris  paribus,  induction  to  t! 
same  extent.  But  the  distance  through  which  the  diachai^  ( 
equal  quantities  of  electricity  takes  place  in  the  ! 
medium,  varies  inversely  as  the  pressure.  This  miglit  be  anticipated 
since  under  a  double  pressure  double  the  number  of  particles  i 
air  would  exist  in  the  same  space,  and  the  polarity  would  therefb 
be  transmitted  through  double  the  quantity  of  insidating  matter  :• 
thus,  if  a  given  charge  iu  air  of  ordinary  density  pa&s  as  &  spark  d 
a  inches,  at  double  the  usua>l  pressure  the  striking  dtstnoce  wn 
■Ae  reduced  to  1  inch ;  at  a.  piesaxuc  o?  cmt  \\rifi  \v  iiQi^Xifc  v 
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-i-iTfe^  iflcTica  ;  at  one  quarter,  to  8  iiiclieB,  and  so  on,  until 

■■•ruo   it  would  pass  through  au  unlimited  dixtance.     If  the 

;tT  of  the  air  continue  constant,  it  is  found  that  the  strikin 

:  rn:e  varies  directly  as  the  intensity  of  the  charge.  For  examp) 

r[i  B  certaiu  charge  the  striking  distance  be  j  incli,  a  doul 

-zf  will  discharge  itself  through  2  inches,  a  threefold  charg 

Mgb  three  inches  {Harris}.     For  equal  quantities  of  electricity 

-irikiug  distance  is  inversely  as  the  extent  of  charged  surface ; 

,  when  a  single  jar  is  charged  with  a  quantity  of  electricity  ■ 

ii.iL'ultoproduceadischargeat  -/tths  of  an  inch,  on  employing  9 

Lir  jars  with  the  same  quantity,  the  striking  distance  is  redui 

t!i8,  and  with  3  similar  jars  to  /„ths  of  au  inch. 

jes,  the  striking  distance,  however,  varies  iu  different  gases, 

jiciidently  of  their  relative  density,  so  that  each  gas   has  a 

,,  iiiic  insulating  power.      Hydrochloric  acid  has  twice  the  insu-.^ 

Iitiug  power  of  common  air,  and  three  times  that  of  hydrogei 

equal  elasticity.      This  is  in  striking  contrast   to   the   equality  0 

i'"'i>ctive  capacity  in  all  gasca, 

Tliis  inequality  of  insulating  power 

|iroved  by  Faraday  by  opening   to 

;^L  &amc    charge    two    separate    paths, 

oiiB  of  them   through    air,    the    other 

through  a  receiver  filled  with   the  gas 

"iiich  was  to   form  the   subject  of  the 

liment,  as  shown  in  fig,  171.     The 

iices  between  the  balls  were  varied 

-..Ld   the    discharge    took    place    with 

equal    facility    in    both   receivers ;    tlie  |  - 

lame  charge  was  thus  found  to  traverse 

bable  the  distance  in  air  that  it  did  in  hydrochloric  acid. 

Rarefaction  of  air,  whether  effected  hy  heat  or  by  mechanical 
neaua,  eqnnlly  favours  the  electric  disclutrge.  A  jar  may  conse- 
[iiently  be  discharged  through  several  inches  of  a  common  flame, 
n  whidi  the  air  is  rarefied  by  heat  to  neaily  six  times  its  ordinary 
wlk,  the  temperature  of  flame  according  to  Becqnercl'a  experi- 
UDts  being  nearly  aaoo°  F,  A  flame  also  acts  by  its  pointed 
arm  in  dissipating  a  chaise  with  great  rapidity,  and  its  proximity  1 
konld  be  avoided  in  exact  experiments. 

Dissipation  of  the  electric  charge  in  dry  air  according  to  Mat-  ' 

■i  is  not  increased  by  agitation  of  the  air.     And  if  the  gases 

II  perfectly  dry,  and  at  the  same  temperature  and  preaiiure,  the 

.-^.pation  of  the  charge  takes  place  with  e(^«a,\  ta^vi'A.'s  '\\\  wx.Sa. 

trboaic  BcitI,  aud  in  bjdrogen.     As  lliti   tiiOi'geTaX.ute  i\s«&,  "iist 


Jl 


I 


334  DIBSIFATIOH  OV   CHARGB — BKIH 

diaBipation  of  the  charge  incrcRBCs  iu  rapidity,  the  loss  of 
charge  being  twice  as  rapid  at  64°  as  at  32°  F.  If  the  density  of  ll 
air  be  reduced,  the  iuteusity  of  the  charge  which  an  lusidated  bod 
will  retain  is  reduced  also,  but  the  dissipation  of  the  charge  is 
much  dimiuiahed.  Mstteucci  found,  when  an  electroscope,  feehl 
charged,  was  placed  in  a  receiver,  exhausted  till  the  pres^iure  w: 
reduced  to  01 18  inch  of  mercury,  that  the  divergence  remuiu 
unaltered  after  a  lapse  of  two  days. 

The  form  and  size  of  the  spark  depend  upon  the  alia{ie  of  tl 
discharging  surfaces  almost  as  much  as  upon  the  intensity  of  A 
charge.  Between  the  rounded  parts  of  the  prime  conductor  and 
lai^e  uninsulated  metallic  ball  dense  brilliant  sparks  pass ;  vhili 
if  the  same  ball  be  presented  to  a  wire  which  projects  thm  < 
four  inches  from  the  conductor,  and  which  terminates  in  »  b»U  1 
inch  in  diameter,  a  long,  forked,  and  often  branching  spark,  rtseo 
bling  a  miniature  flash  of  lightning,  will  be  obtained. 

When  disruptive  discharge  occurs  between  a  good  coodadof 
of  limited  surface  and  a  bad  one  which  cxi)osea  a  larger  Burfa», 
iutcrmitting  and  dilute  spark  or  brush  passes,  which,  when  it  ocean 
iu  air,  conaists  of  a  rapid  succession  of  discharges  to  the  particles  ol 
air  around  i  such  a  brush  has  a  bright  root  with  pale  ramificalioni^ 
attended  witli  a  quiveriug  motion  and  a  subdued  roaring 
Such  brushes  are  well  seen  when,  the  machine  being  in  poweriU 
action,  the  conductor  is  made  to  discharge  itself  into  the  air  by 
means  of  a  blunt  rod  which  projects  from  it.  The  brush  is  lugCfl 
from  a  vitreously  charged  surface,  such  as  the  prime  conductor 
the  machine.  From  a  negatively  charged  surface  this  discbu^ 
occurs  at  a  lower  tension,  and  more  resembles  a  bright  point  <■ 
star  of  light.  The  formation  of  brushes  is  facilitated  by  rarofytng 
the  air  around  the  charged  points. 

Some  remarkable  differences  have  been  obscrred  between 
positive  and  the  negative  spark  :  for  equal  intensity  of  chargo 
striking  distance,  between  a  good  conductor  positively  charged  ; 
an  inferior  conductor,  is  greater  iu  air  than  from  the  same  condnctD 
negatively  charged,  as  may  be  seen  in  using  tlie  electrophorua.  Th 
greater  facility  with  which  positive  electricity  traverses  the  air 
also  be  shown  iu  the  following  manner : — Colour  a  card  with  vemi 
lion ;  unscrew  the  liall^,  a,  b,  from  the  discharger,  fig.  169,  and 
thepoiutfron  opposite  aides  of  the  card,  one  about  half  au  inchabov 
the  other;  discharge  a  large  jar  through  the  card.  It  will  bo 
rated  opposite  the  wire  attached  to  the  negative  coating,  and  an  i 
^uJar  dark  line  of  tednced  tocvcury  vnW  he  found  extending  on 
jKMilire  side  to  the  poiia  oi  t\ia  ^v\iM:  mrc.    \S,  VaR,  icv^pRM 
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Eh  vacuo,  tte  pcrfomtioa  will  be  found  midwaj  between  tbe 
Tlic  distinction  between  positive  and  negative  electricify 
bcanti  fully  ebowu  by  what  are  termed  Lich  ten  berg's 
sliich  may  be  obtained  as  follows : — Dry  a  glass  plate,  and 
it  with  the  knob  of  a  positiTely  charged  jar,  then 
the  plate  a  mixture  of  sulphur  and  minium  in  fine  powder; 
the  plate  the  minium  will  fall  off  and  leave  traces  of 
les  in  sulphur.  If  the  experiment  be  made  with  a  jar  uega- 
chargcd,  the  minium  will  adhere  to  tbe  traces,  whilst  the 
ttlphar  will  fall  oS*.  The  exptanatiou  is  very  simple :  by  the  fric- 
tion in  silling, the  sulphur  becomes  negatively,  the  red  lead  positively 
deetric,  and  thus  the  sulphur  attaches  itself  to  the  positively 
elcctrilied  lines  upon  the  glass,  and  the  minium  to  the  negatively 
electrified  lines,  in  accordance  with  the  usual  law  of  electric  attrac- 
tion. The  experiment  may  also  be  varied  in  the  following  way  : — 
Tske  two  circular  trays  of  tin-plate  half  an  inch  deep  and  12  or 
14  inches  in  diameter,  fill  them  witli  melted  resin  and  allow  tbem 
lo  cool ;  cause  sparks  of  positive  eleetricity  to  fall  in  8  or  10  places 
opoQ  one  plate,  and  s|)arks  of  negative  electricity  in  like  manner 
urer  the  other ;  on  sifting  a  little  briekdust  over  tbe  two  plates, 
the  dry  powder  will  assume  the  appearance  of  brushes  over  the  plate 
electrified  positively,  and  of  oval  or  circular  patches  upon  the  uega- 
tiTfily  excited  plate. 

Tbe  colour,  light,  and  sound  of  tbe  electric  spark  and  brush 
<tuj  ill  diSereut  gases,  the  brush  being  larger  and  more  beautiful 
b  nitrogen  than  in  any  other  gas,  and  its  colour  is  purple  or 
Uuinh.  Tlic  sparks  in  oxygen  are  whiter  than  in  air,  but  less 
bnUiaut  In  hydrogen  they  are  of  a  fine  crimson  colour.  In 
eoal  giis  tbey  are  sometimes  green  and  sometimes  red  ;  occasionally 
both  colours  ore  seen  in  different  portions  of  the  same  spark.  la 
fitrbonic  acid  the  sparks  resemble  those  taken  in  air,  but  they  are 
sure  irregidar  and  pass  more  freely. 

(311)  CimvectioH. — W^ith  a  feebler  charge  tbe  sonorous  brush 
■a  replaced  by  a  quiet  glow,  attended  in  this  case  with  a  continuous 
ditpcreioa  of  the  charge.  The  process  of  disruptive  discharge 
fliM  gnulually  passes  iuto  the  third  method — viz.,  that  by  convection. 
When  the  glow  is  produced,  a  current  of  air,  tbe  particles  of  which 
■re  individually  chargejl,  passes  from  the  charging  surface.  The 
«nrse  of  this  current  may  be  exhibited  by  its  action  on  the  flame 
iif  a  lajier,  which  will  often  be  extinguished  if  brought  near  an 
Kiwtrified  point  which  i§  connected  with  the  machine  in  action ; 
=iil  light  models  may  be  set  in  motion  by  it.  It  \\\e  ■^loiatitt'sa. 
I'ihe  current  Etam  the  point   be  prevented,  aa  \i^  %\iA\cx\\i^  "Owt 
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pointed  wire  in  a  varnished  glass  tube,  tlic  brnsli  or  glow  may 
converted  into  a  series  of  small  sparks.  These  currents  may  tab 
place  in  liquid  dielectrics  as  well  as  in  gaseous  ones.  Ltt  a  pece 
of  sealing-wax  be  fixed  on  the  end  of  a  wire  and  attached  to  6» 
conductor  of  a  machiue  in  actiou  ;  if  it  be  softeneil  by  the  a[^- 
cfttion  of  the  flame  of  a  spirit  lamp,  it  will  be  thrown  off  iu  fiW 
tuents  towards  a  sheet  of  paper  held  near  it.  Solid  iiisulated  I»^ 
ticles  may  also  be  the  medium  of  conveetive  discharge,  as  is 
when  pith  halls  or  other  light  substances  are  attracted  and  repaid 
by  electrified  objects ;  and  in  delicate  experiments  even  the 
ticles  of  dust  floating  in  the  atmosphere  are  not  without  eSa 
charging  or  (hscharging  the  apparatus  employed. 

The  process  of  convection  assumes  considerable  iroportaoce  in 
tlie  phenomena  of  voltaic  electricity,  where  it  is  intimately  con- 
nected with  chemical  decomposition.      {246  el  seg.) 

(214)  Olher  Sources  of  Eleclricity. —  Hitherto  we  have  limited 
our  attention  to  cases  in  which  electricity  is  excited  by  the  fricticn 
of  dissimilar  substances.  The  development  of  electricity  by  fnetioB 
is,  however,  but  a  special  case  of  a  much  more  geuend  law,  for  it 
has  been  found  that,  whenever  molecular  equilibrium  is  diBtorbed, 
a  concomitant  development  uf  electricity  takes  place.  The  foOoih 
ing  instances  will  exhibit  the  variety  of  circunistaaces  under  wbidl 
this  observation  has  been  mude.  The  mere  compression  of 
crystallized  bodies  is  attended  by  electric  action  :  a  rhombobednii 
of  Iceland  spar,  if  compressed  by  the  fingers,  exhibits  this 
liarity.  It  is  also  found  that  all  bodies  that  have  been  pi 
together,  if  properly  insulated,  offer  signs  of  electricity  on 
separated  ;  although  the  effect  is  most  easily  obser\'ed  between  % 
good  conductor  and  a  bad  one.  The  two  bodies  are  alwmye  B 
opposite  stales.  Even  where  two  disks  of  the  same  substance 
pressed  together,  if  one  be  a  little  warmer  thnn  the  other, 
excitement  is  produced,  the  warmer  disk  becoraiug  negatively 
trifled  i  the  intensity  of  the  charge,  aeleria  paribus,  increases  in  iB 
jcs  directly  as  the  pressure  to  which  they  are  subjected, 

In  some  instances  simple  elevation  or  depression  of  tempcratitn 
causes  electric  excitement.  These  effects  are  most  distinctly  Mea 
in  crystallized  non-conductors  which  are  not  symmetrical  in  brOf 
being  produced  in  bodies  which  are  hcmih^ral.  TourmatiM^ 
boracite,  and  the  crystals  of  tartaric  acid  offer  the  best  examples- 
of  this  description.  The  tourmaline,  for  instance,  commouly  askuoefr 
the  form  of  a  three-sided  prism,  the  edffes  of  which  are  roplMed.1 
bf  two  narrow  planes.  The  extremities  of  the  crystal  aro  ' 
iy  the    three  faces  of  fUt  T\iQ\u\io\ieiYOft.    ^o.  v,%^.  \r\x^ 
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1*'^  ptid  of  tlie  crystal  which  ^'o-  '7*- 

uiM  positive  by  Iieat ;  No.  t 

in*  oiijjosite  end  of  tliecrys- 

in\    which  becomes  negative. 

If  a  (TVstal  of  towmialine   be 

L'iiitly     heated,     it    becomes  s 

"-rfiiily     electrical     whilst 

temperature  is  rising,  one 

tri^mity,  termed  the  anah- 

^QUt  pole,  tiecomirig  positive,  the   other   extremity,  or  aiitilogout 

pole,    becoming   negatiTe.*       \^■he^    the    temperature     licconica 

ttntioiiary,  the  electi-ic  esciteraent  ceases:  as  the  crystal  coola  the 

•■■I  returns,  but  tlie  electric  polarity  is  reversed  ;  the  end  of  the 

-lal  that  before  was  positive  now  becomes  negative.     The  par- 

■i  of  the  mineral  are  electrically  polarized  throughout  the  whole 

-* ;  for,  if  the  crystal   be  broken  while  thus  electrified,  each 

anient  retains  its  iwlarity,  being  negative  at  one  end  and  posi- 

.  at  the  other.     In  fig,  173, 

I   represents  a  tourmaline  Fio.  173. 

which    the    temperature    is 
hg  uniformly ;    No.    2    the 
\\v  tourmaline  in   which  the      2    A ^b^hhh^^^i^  s 
i.jieratiire  is  falling  nniformiy;  _  +  —  -t 

>iiji  No.  3  shows  the  effect  upon  *   A^^BB^HB  I^^^Hw  ■ 

fling  tourmaline  which  has 

[broken  across.    If  the  tourmaliue  be  delicately  poised  upon  its 

f  whilst  cooling,  these  electric  states  may  be  rendered  appa- 

f  bringing  au  excited  glass  tube  near  to  the  mineral :  one 

Biity  will  be  attracted  by  the  excited  glass  tube,  while  the 

lextremity  will  be  repelled.     If  one  end  of  the  crysta,!  be 

Cted  with  the  cap  of  a  sensitive  gold  leaf  electroscope,  whilst 

ler  extremity  is  in  conducting  communication  with  the  earth, 

pid  leaves  will  diverge. 

rmcture  is  likewise  attended  with  electric  disturbance ;  the 

f  broken  surfaces  of  roll  sulphur  often  exhibit  this  effect  to 

mt  auffieieat  to  produce  divergence  of  the  leaves  of  the  elec* 

when  the  fragments  are   placed  upon   the  cap   of  tU 

The  sudden  rending  asunder  of  the  lamina;  of  a  fi 


i«laJ  mnEt  not  be  too  strongly  heated, — about  300"  F.  hcxng  tl 
^_  .  t  if  bealed  very  glroBslj,  aa  to  750°,  or  beyond,  the  toiinnalioe  Iw- 
fe  eonduf^r  for  a  limt,  but  reanmea  ita  insululing  powur  on  coolinn. 
iVIMleTe'l  liygr^t^ct^pic  lUl  aAer  li  liaa  been  cashed  uid  d,t^v&.  «X  '^    ' 
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of  mica  ia  a  dark  room,  k  usually  attended  vith.  a  pale  elDCtiied 
light,  and  the  separated  portions  in  this  case  exhibit  uppwite 
electrical  states.  A  melted  substance  in  the  act  of  solidifri&i^ 
sometimes  exhibits  electric  excitement.  If  sulphur  be  alloned  lo 
solidify  in  a  glass  vessel,  it  becomes  negatively  excited,  vbiUt  tbe 
glass  is  rendered  positively  electrical ;  ice  also  is  fi'equeutly  elfctnc; 
nnd  the  same  thing  has  been  observed  of  chocolate  as  it  bd^nuci 
solid.  These  results  are  probably  due  to  friction  occasioned  \ij 
the  contraction  or  espaasion  of  the  solid  mass  iu  the  mouljl, 
from  which  it  detaches  itself  by  this  change  of  bulk. 

(214  a)  Chemical  Action. — No  chemical  changes  take  pUoe 
without  thedcvelopmeiit  of  electricity.     If  a  clean  platinum  cspti 
be  connected  with  a   sensitive   electroscope   and  condeoKer, 
liquid  which  has  no  chemical  action  on  platinum  be  placed  in 
capsule,  no  change  shows  itself;  hut  if  any  olher  more  oxidii 
metal  in  conducting  connexiuii  with  the  earth  be  dip[>cd  into  tl 
liquid,  the   liquid  becomes  vtnj  feelily   but  poiitivtly 
whiht  the  metal  which  has  been  acted  upon  by  it  becomes  negati 
The  intensity  of  the  chemical  action  in  this  form  of  tbe  experiment 
has  DO  influence  upon  the  extent  of  electric  excitement  displiyoL 
If  zinc  be  the  metal  employed,  and  pure  water  the  liquid,  thesi^oi 
of  electric  action  are  just  as  powerful  as  if  sulphuric  acid  were  anb* 
stituted   for   the  nater  in  tbe  capsule ;  for  the  metal  and  liqnid 
being  both  good  conductors,  almost  the  wLoleof  the  two  electnintiii 
liberated  immediately  neutralize  each  other,  instead  of 
to  tbe  condenser,  the  other  to  tbe  eartb. 

Electricity  is  also  developed  during  the  process  of  comfaaatiM| 
carbon,  for  example,  becoming  negatively  electric  whilst  tlic 
bonic  acid  is  positive.     In   like  manner   hydrogen  til  the 
hurniug  was  found  by  Pouillet  to  be   negative,  whilst  the  vi 
produced  by  it  was  positive. 

(3ij)  Eltclricity  of  Vapour. — The  act  of  evaporation  has  ikQ 
been  asserted  to  be  oue  of  the  sources  of  electricity,  but  the  trnth 
of  this  statement  is  doubtfuL  It  ia  true  that  if  a  few  drops  of 
water  fall  upon  a  live  coal,  insulated  on  tbe  cap  of  tlic  gold  leif 
electroscope,  the  leaves  of  the  instrument  diverge.  This,  howcvefi 
is  due  to  the  chemical  action  between  the  coke  and  ihfi  water,  and 
not  to  mere  evaporation ;  for  by  allowing  pure  water  to  ovaporaU 
Id  a  clean  hot  platinum  dish  connected  with  the  electroacujw,  no 
signs  of  electric  disturbance  occur.  PouiUct  found  that  on  all(nr> 
ing  alkaline  solutions  to  evaporate  iu  the  capsule,  the  eleclroMOpB' 
became  charged  positively ;  with  acid  solution?,  the  cliargc  given  ta 
I  the  eJectroscopc  was  negative;  \n\\."?fe\l\cT  tuijai  tUa.t  these  deonj 
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rinsy  nevertheless  he  due  to  friction,  as  they   do  not 

t  ihemselves  nntil  the  liquid  is  uearly  all  driven  off,  and  a 

I  of  the  salt  as  it  detaches  itself  from  the  sides  of  the 

begins  to   occur.       This  is  corroborated  by    Faraday's 

1  that  if  tlie  dish  he  heated  to  redness,  and  pure  water 

Ipped  iu,  80  long  as  it  evaporates  quietly  in  the  spheroidal 

[183)  no    electricity  is    developed  ;  bnt  the    moment  that  iij 

1  sufficiently  to   boil   violently  with  friction  against  t 
C  capsule,  the  leaves  diverge  powerfully. 
accordance  with  this  observation,   Fanulay  has  explai 
Srelopment  of  electricity  hy  high-pressure  steam,  which  ocem 
[  remarkable  an  extent  under  certain  circumstances. 

iced  to  the   friction  of  water  accompanying  the  steal 

B  orifice  of  the  jet  through  which  it  escapes  into  the  aii^ 

luted  boiler  from   which   steam   is  allowed  to  blow  off  a 

are  through  long  tubes,  in  which  a  partial  condensation 

m  occurs,  furuishes,  as  in  the  kydro-electric  machine  of 

;,  exhibited  at  the  Polytechnic  Institution,  an  admirable 

high  electric  power.     In   this  eitperimeut,   the  bollflt 

i   negative,    ihe   escaping    steam   being    poaitive, 

able  that  the  presence  of  the  smallest  quantity  of  oil  ur  offl 

f  turpentine  in  the  exit-pii>e  reverses  these  electrical  states. 

ton  of  acetate  of  lead  produces   a  similar  effect.     Indeed 

p  the  water  that  is  used  in  the  boiler,  the  better  ia  it  for 

I  experiments,  and  the  more  uniform  are  the  reaultB.     The 

E  condition  of  the  steam  was  found  by  Armstrong  to  be  also 

f  the  material  of  which  the  esit  pipe  was  formed;  glass, 

upper,  and  tin,  each  modifying  the  result.     Wood  appeared 

the  material  best  adapted  for  use  iu  forming  the  orifice  of  the 

t  produced  the  highest  amount  of  charge  by  friction  ;  some-- 

h  as  ivory,  produced  scarcely  any  electric  effect  whei 

a  to  the  pipe, 

tiy  dry  steam  ia  in  fact  nearly  aa  good  an  insulator  1 
inty  aa  atmospheric  air ;  hut,  from  the  facility  of  its  eondei 
L  it  easily  produces  upon  cold  surfaces  a  film  of  couductim 
r  which  destroys  the  insulation. 

)  Almosp/ieric  Elcctridty. — Another  source  of  elcctricit 
a  of  which  ia  at  present  shrouded  in  mystery,  is  the  atiui^ 
fjWhich  affords  displaysofelectric  phenomena  on  themoi 
,t  scale.  The  identity  of  lightning  and  electricity  had  long 
wted  by  electricians ;  but  the  proof  of  it  was  first  devised 
in,  who,  by  the  simple  expedient  of  laisVa^  ».  \wiY%  \ 
I  thandcrstonn,  sueceeded  in  obtaimns  ^"tom  \)ivci  A*  1 
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sjiarks  of  electricity,  with  which  he  charged  Leydni  jars,  anfffw 
formed  some  of  the  usual  electrical  cxpcrimenta.  Such  kilL->flym;, 
however,  forma  a  dangerous  kind  of  recreation ;  and  e^iieninenu 
on  atmospheric  electricity  proved  fetal  to  Professor  RJchman  of 
St.  Petcraburgh,  who,  a  few  years  after  Franklin's  discovm,  m 
killed  by  a  flash  fiom  his  apparatni 

No  sooner  had  Franklin  proved  the  identity  of  lightning  wiii 
electricity,  than  he  proposed  his  plan  of  averting  the  destructitr 
iuflnence  of  lightning  from  buildings,  by  means  of  metallic  coc- 
ducting  rods.  To  render  these  efficient,  they  must  pmjpct  ialfl 
the  air  for  some  distance  beyond  the  highest  point  of  the  building 
to  he  protected.  They  must  also  be  sufficiently  thick  to  nnj 
off  the  discharge  without  fusion.  This  is  ensured  by  the  use  of  i 
copper  rod  not  leas  than  half  an  inch  in  diameter.  The  piea* 
composing  these  rods  should  be  in  metallic  contact  with  each  othtf 
throughout  tlieir  length,  and  the  couductor  should  terminate  ioi 
bed  of  moist  earth,  or  better  still,  in  a  well  or  body  of  water,  bo  ii 

secure  free  communication  with  the  soil.  If  any  consideraUc 
metallic  mass,  such  as  a  leaden  roof,  form  part  of  the  building,  it 
should  be  connected  with  the  conductor  by  branch  rods,  andatimH 
also  he  furnished  with  branch  conductors  into  the  earth.  Tli 
conductors  are  best  placed  exterior  to  the  walls  of  the  building, 
The  explosive  power  of  lightning  is  so  great  that  its  effccO 

ly  well  excite  our  awe  and  amazement.  A  single  instance  i 
be  cited  in  illustration  of  this  point.  In  November,  1790,1118 
mainmast  of  H.M,  ship  Elephant,  74  guns,  was  struck  by  a  pnwa* 
ful  flash  of  lightning.  This  mast  weighed  18  tons,  it  wa«  j  foct 
in  diameter,  and  110  feet  long,  and  wa«  strongly  bound  tJ^e^ 
Iiy  irou  hoops,  some  of  which  were  half  an  inch  thick  and  5  iodia 
wide;  yet  it  was  shivered  into  pieces,  and  the  hoops  were  bairt 
open  and  scattered  around,  amidst  the  shattered  fragmcntK  of  thi 
mast  (Harris).  One  of  the  most  instructive  instances  recordtNl  b. 
that  of  the  Dido,  which,  when  off  Java  Head,  in  May,  1847,  1 
struck  soon  after  daylight,  during  a  storm  attended  with  hctf 
rain  and  little  wind,  by  a  tremendous  bifurcated  flash  of  lightain| 
which  fell  upon  the  main  royal  mast.  One  of  the  branches  s 
the  extreme  point  of  the  royal  yard-arm,  and  in  its  coarse  to  t 
couductor  on  the  mast,  demolished  the  yard,  and  tore  in  pieces  i 
scorched  up  the  greater  part  of  the  sail ;  the  other  [lart  fell  on  1 
vaue-spindle  (the  point  of  which  showed  marks  of  fuEion)  1 
truck,  which  last  was  split  open  on  the  instant  of  the  disc 
seizing   the   coiuliictor.     From   tbia   point,  howcrer,    the   exf\a 

I  actiou  ceased,  and  ttvc  ivstVwt^ii  ItcA's  \,TWiCTwd  tlve  <* ' 
line  of  the   cguductov,   from   XW  TO»alVea\  &o'»mwMc\.  loam 

"        "    '         •  -  -  -*■" 
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"  -'  fiiHTier  damage.     Oue  of  the  chief  points  of  interest  cwa 
il  with  thia  case  ia  the  cutire  destruction  of  tLe  ; 
■  ii  wiis  iiot  supplied  with  a  conductor,  and  tbe  complete  protec" 
<  uf  the  mast,  which  vas  furuished  with  oue.     It  is  also  impoi- 
:'  as  proving  the  iucorreetoess  of  the  law  of  pra lection  laid  down 
ome  French  writers — viz.,  that  a  conducting  rod  will  protect  a 
!<lar  area  having  a  radius  double  the  height  of  the  conductor 
'  1^  tbe  highest  point  of  the  btiilding.     In  aU  cases,  the  lightning 
i:ikc  the  path  of  least  resistiiuce,  and,  from  the  recorded  re- 
>'<  of  experience,  it  appears  that    that  path   of  least  resistance 
!,  in  about  seven  times  out  of  ten,  be  such  that  the  lightning 
~d[  strike  the  higlieat  point,  if  it  be  furnished  with  a  good  con- 
ilncting  line   to  the  earth  or  sea;  hut  it  ia  quite  possible  that 
inttauceB  may  occur,  in  which  tbe  line  of  least  resistance  may  be  in  a 
'lifTcreut  direction,  or  as  in  tlie  case  of  the  Dido,  that  tiiere  may  be 
'  >uch  lines  where  the  resistances  are  equal. 
If  a  break  occur  in  any  part  of  the  conductor,  explosion  will 
: '  place  at  this  spot  when  a  discharge   of  lightning  is  dii'ectcd 
II  the  rod,  producing,  in  many  cases,  fearful  destruction.     One 
ilie  most  awful  catastrophes  of  this  kind  occurred  on  the  iHth 
-:11st,  1 76^,  when  the  tower  of  St.  Nazaire  of  Brescia  was  struck 
I  ghtuing.     Beneath  this  tower  were  vaults  containing  upwards 
,:  tons  of  gunpowder,  belonging  to  the  republic  of  Venice.  The 
le  of  tlus  enormous  quantity  of  powder  exploded,  destroying 
■sixth  part  of  tbe  city  of  Brescin,  and  burying  3000  persons 
laih  its  ruins.     On  a  small  scale  the  track  followed  by  the 
u'l'iricity   may  be  illustrated  by  sending  a  discbarge  thmugb  a 
wnea  of  interrupted  conductors,  such  as  gold  leaf  pasted   upon 
jAper.     The  portions  of  gold  leaf  in  the  line  of  the  discharge  will 
'''  'lurued  up,  whilst  the  contiguous  portions  not  included   in  the 
■  il  of  tbe  electricity  remain  unaltered. 
Tbe  peal  of  thunder  which  accompanies  tlie  lightning  flash,  is 
''"e,  like  the  snap  which  accompanies  the  discharge  of  a  hcyilcu 
it,  to  the  sudden  displacement  of  air,   which,  in  the  case  of  light- 
ning, aometimes  extends  through  a  distance  of  a  mile  or  more.    The 
'""'irbcration  of  the  peal  arises  chiefly  from  tbe  echoes  produced  by 
j.cts  upon  the  earth,  and  by  the  clouds  themselves.     The  flush 
ill  the  thunder  cloud  is  exactly  anEilogona  to  the  discharge  of  the 
;.'Km  jar;  the  cloud  and  the  surface  of  tbe  earth  form  the 
-ings  to  the  intervening  layer  of  air,  which,  as  in  the  case  of  th^ 
ioii^r,  supplies  the  place  of  the  glass,  whilst  a  cliurcb  steepl 
f  prtQectiiig  object,  nets  the  part  of  a  discViargm^^  toi.* 
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But  It  is  not  only  iluring  a  storm  that  the  atmosphere  exluUS 
signs  of  electricity.  In  fine  weather,  if  a  flame,  or  a  pointed  rod, 
be  connected  with  an  electroscope,  the  instrument  usually  diTO^ 
positively.  Before  laiu,  the  instrument  often  assumes  n  negatin 
state :  in  general,  the  rain  that  firit  falls  after  a  depression  of  tfae 
baroinetd  ia  charged  negatively.  It  frequently  happens  that  tin 
rain  is  ne^tively  charged,  although  the  atmosphpre,  both  bcfori 
and  after  its  fall,  exhibits  signs  of  positive  charge.  Fogs,  snow,  u' 
hail,  if  unattended  with  rain,  are  nearly  always  positively  chai^  at 
a  high  degree.  It  appears  to  be  probable  that  the  clouds  are  almait 
always  positive.  lu  most  cases  when  negative  electricity  1 
observed  in  the  instruments  it  is  simply  due  to  an  effect  of  induction. 

In  winter,  the  atmospheric  charge  is  usually  higher  than  io 
summer,  Accoiding  to  Quelelet,  whose  conclusions  are  lw« 
upon  a  series  of  5  years'  uninterrupted  observations,  the  a 
spheric  electricity  attains  an  average  maximum  in  January,  tvi 
steadily  decreases  till  Juue,  when  it  is  at  its  minimum:  fmui  tl 
period  it  again  progi'essively  increases  till  January,  in  which  n 
the  intensity  of  the  electricity  is  13  times  as  high  as  it  i«  i 
The  electricity  of  the  air  may  be  stated  generally  to  be  higher  ia 
a  cloudless  than  in  a  cloudy  sky,  Oidy  once  during  tbe  monllti 
of  October,  November,  December,  and  January,  has  he  obtanea 
proof  of  negative  electricity  in  the  air. 

The  intensity  of  the  charge  varies  likewise  during  each  twent; 
four  hours ;  it  has  two  maxima  and  two  minima.  The  tirst  n 
is  before  eight  o'clock  a.m.  in  summer,  and  before  ten  j 
winter;  the  second  after  nine  p.m.  in  summer,  and  before  sis  PJl 
in  winter.  The  first  minimum  is  uniformly  about  four  j 
the  second  about  three  f.m.  in  summer,  and  one  p.m.  in  winter. 

The  observations  made  for  some  years  at  the  Kew  obMmtOI 
by  Ronalds,  furnish  results  closely  according  with  those  < 
Guetelet.* 

An  ingenious  experiment  by  Becqnerel  shows  that  the  ii 
sity  of  the  chaise  increases  with  the  elemtion  above  the  1 
surface,  and  according  to  Quetelet's  observations,  the  increase 
intensity  is  proportional  to  the  height.     Tliis  taw  of  Quct«let  t 


npiditj.  On  tbe  6(h  of  Jalj,  1845,  about  10  f.u..  iftcr  a  fkar  hut  daf, 
thf  manses  L>f  vapour  (oraiinK  a  bank  of  cumuli.  I  couutitj  iu  two  luinutM 
dashes  unattended  by  thunder;  and  several  timea  durinjj  the  sanity  evvd 
I  obicrvcd  between  30  and  40  dischargpi  from  one  cloud  to  anolhw, 
minute. 

•  For  an  interesting  discussion  of  the  theory  of  the  devt-lupmeiil 

gjjierif  eleolrinty,  the readet is teteTtei  to  v,-\\-">'''™"J-> — -" 

Treatise  on  Ekotrieiiy,  vol.  m.^.  w^i  <t  *^1- 
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been  rerified  only  for  liciglits  not  exceeding   i6   feet, 
il'a    experiment    was    the    folloiving: — Having    ascended 
;  St.   Bernard,   he  attached  one   end   of  an  insulated  gilt 
)  tiie  shaft  of  an  arrow,  and  connected  the  other  estremity 
Bio  cap  of  an  electroscope  hy  a  running  knot.      The  arrow 
ien  discharged  in  a  vertical  direction  by  means  of  a  how  ;  as 
gilded,  the    leaves   expanded  gradually  till  they  struck    the 
f  tlie  glass.      When  the  full  length  of  the  thread  was  altainrd, 
.  motion  of  the  arrow  detached  it  altogether  from  the  , 
M>pe,  leaving  the   instmnient  charged   positively.      On  i 
e  experiment,  shooting  the  arrow  horizontally,  no  eharg 
s  otitained.     Similar  results  may  be  obtnined  on  a  clear  ^ 
f  ascending  a  lofty  eminence  or  building,  to  avoid  the  induc- 
f  near  objects,  and  taking  a  gold  leaf  electroscope,  terminat- 
;  in  a  ball.     The  electroscope  being  now  in   a  neutral 
ill,  if  elevated  only  for  a  foot  or  two,  diverge  with  posi- 
Ticity.     On  bringing  it  back  to  its  origiuat  positiou,  the 
I  collapse,  and  on  depressing  it  below  this  point,  the  leaves  . 
larate  with  the  opposite  electricity. 
BCtricity  developes  itself  in  the  atmosphere  in  other  forma  jj 
hrnshes,  stars,  and  glows,  have  been   frequently  ' 
I   in  stormy  weather  on  the  estremities  of  the   masts  and 
s  of  ships,  on  the  jiointB  of  weapons,  and  occasionally  even 
|isof  the  fingers,      These  phenomena  are,  in  fact,  cases  of 
discharge  upon  a  large  scale,  and  are  in   many  instances 
with   a  roaring  noise  like   that  of  a   burning   portfire. 
ranees  of  this  description  formerly  went  by  the  name  of  St. 
W  fire  ;   our  own  sailors  term  them  comazanls. 
by)  Aurora  Borealia. — Another  very  beautiful  meteor  which 
B  seen  in  this  country  in  clear  frosty  nights,  but  which 
i  very  frequently  in  higher  latitudes,  has  probably  an  elec- 
This  is  the  aurora  hortahs.    It  has  been  supposed  to 
d  by  the  passage  of  electricity  through  the  rarefied  por- 
f  the  upper  regions  of  the  atmosphere  from  the  poles  towards 
ifltor,  but  the  explanation  is  unsatisfactory,  and  not  adequate 
mnt  for  the  effects  observed.     The  varieties  of  coloured  light  _ 
\  by  the  aurora  may,  however,  be  imperfectly  imitated  o 
y  discharging  a  continued,  or  an  intermittent  suppl]( 
rieity  through  a  vessel  partially  exhausted  of  air. 
i  forms  which  the  aurora  assumes  are  very  varied,  and  ofj 
■  beauty;    there  is,   however,  usually  some   general' J 
J  its  aspect  at  the  same  loca\ity.     Commowl'j ,  *\"t^si.^s»  * 
:  Bcen  shooting  upwaids  from  iVc  ■^ioT^}&e.lli  \\ii\viKivi> 
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-rr--:i  to  meet  to«;:ethcr  in  the 
J,;  ..--:.  r  -?  ::' a  vast  tent  were  expanded 

I).  ,  ,~    :   r  :'«ics,  and  sapphires, 

p.  .       .    ...5    xen    observed    between   the 

v:  _  _.    —r!: ;  the  magnetic  needle  being 

I.  -    r   -    -^phiy  of  the  aurora.     The 

,  ..^llIv  traverse  the   sky  at  ri^rht 

.  ^  .  r ihongli  deviations  from  this 

|.  ."'^-klin  found  tliat  the  disturbance 

::ionatc  to  the  a;;itati()n  of  the 
;  -   '_.:i  the  quiek  motion  and  \ivi(l 

I  .-.      i- '-   'W  a  hazy  atmosphere.       The 

_  ,    ■  ■ :  ill  high  latitudes  towards  eitlicr 
.-•.vl  to  these  parts,  as  Dr.  Hooker 
..  .::.:  displays  he  ever  \\itnes<ed,  was 
.     i:\y\  other  observers  liave  recorded 
.  -'..:  equatorial  districts  of  the  gh)i)0. 
'  .-i  \aries  considerably:    there  i>  no 
-  ;     -.rlv  occurs    at    small    elevations. 
-..-:  examples  of  its  appearing  below 
.  ::.ov  describe  as  concealed   behind 
.    ;   as   reai)pearing    when  the  meteor 
•r'  :\vo  distinct  kinds  of  aurora,  one 
^*  .>  in  the  cases  last  mentioned,  while, 
^^    .-     :robably  cosmical,  and   the  auroral 
.  staiit   i)oints   of    the  earth's    ^urfaee 

.-•s  Voltaic  Electuicitv. 

•.  •. .  —  About    the   year   iJv/O    Clahani 
.\:ivnlsive  movenu  nts   wi-re  pmdiu'id 
.  ..   :'.v  killed  if  brou'dit  into  coiitart  with 
..  ...  •  is  line  and  copper,  whieh  wrre  them- 
selves  in  contact.      The  ( ajjc- 
riment  may  bi*  riadily  repeated 
.:        in    the    following    manner : — 
Expose    the   crural    nerve     x, 
fig.   174)  of  a    rctvntly    kilkd 
,^  frog,  touch    it  with    a   >trip  of 
c^  zinc,  z,  and  at  the  same  time 
"  touch  the  siu'face  of  the  thigh, 
:::       m,  nn\\\\  owe  tud  of  a   bit  of 


lATtaNS    OP  GALVANIC    ACTION. 

§Bt^r  enil  of  the  copper  wire  ia  made  to  touch  tlie  zinc,  tlie 

t  convulsed ;  but  the  convulsions  cease  when  the  two  metals 

■kepar&ted  from  each  other,  though  they  are  still  in  contact  with 

Numal  tissTtes.  Each  time  that  the  ziuc  and  copper  are  made  to 

,  the  convulsion  is  renewed.     A  live  flounder  laid   upon  a 

I  plate  shows  no  particular  sign  of  uneasiness ;   a  silver  spoon 

f  also  be  laid  upon  its  back  witliout  any  apparent  effect :  but  if 

■■poon  be  made  to  touch  the  pewter  while  it  rests  on  the  fi»h,  the 

Jbecoraes  strongly  convulsed.    If  a  piece  of  zinc  and  a  shilling 

]  one  above  and  the  other  under  the  tongue,  no  particular 

btioii  is  perceived  so  long  as  the  two  oietais  are  kept  separate, 

t  if  the  silver  and  the  ziuc  be  allowed  to   touch  each   other, 

I  a  peculiiiT  tingling  sensatiou  or  taste  is  experienced;  and  if  the 

lilrer  be  placed  between  the  upper  lip  and  the  teeth  instead  of 

nudcr  the  tongue,  each  time  that  the  two  metals  are  brought  into 

iwntact,  not  ouly  will  a  taste  he  perceived,  but  a  momentary  flash 

uf  light  will  appear  to  pass  before  the  eye. 

These  phenomena  are  all  aualogous  to  each  other,  and  have  an 
'metrical  origin;  and  by  tracing  them  to  this  source,  a  branch  of 
!  I'trieal  science  has  gradually  beeu  developed,  which  in  honour 
:  -tt  first  discoverer  has  been  termed  gatvanism.  The  term  gal- 
iii-m,  or  voltaic  eleclricily,  as  it  is  also  called,  in  remembrance 
i  rhe  researches  of  Volta  in  this  field,  ia  applied  to  electricity 
liii'h  is  set  in  motion  by  chemical  action.  It  is  usually  developed 
/  the  contact  of  two  dissimilar  metals  with  a  liquid. 

(219)  These  effects  may  be  traced  by  very  simple  means. 
'ben a  plate  of  zinc  ia  immersed  in  diluted  sulphuric  acid,  the 
^'^tal  becomes  rapidly  dissolved,  and  an  extrication  of  hydrogen 
..<  takes  place,  water  is  decomposed,  the  oxygen  of  the  water 
'-•■'I'fi  with  the  zinc,  oxide  of  zinc  is  formed,  and  becomes  dissolved 
I  ilie  sulphuric  acid.  But  if  the  surface  of  the  zinc,  after  it  has 
iri  cleansed  by  immersion  in  Ihc  acid,  he  rubhcd  over  with  racr- 
!ry,  a  brilliant  amalgam  is  speedily  formed  over  the  whole  face  of 
•i'  line.  Such  a  plate  may  then  be  plunged  into  the  acid,  and  it 
II  remain  without  undergoing  any  chemical  change  for  hours. 
I  '"^  cause  of  this  inactivity  of  the  zinc  is  not  satisfactorily  accounted 
1,  Ijut  the  fact  is  continually  made  use  of  in  voltaic  experiments. 
'I'  addition  of  a  second  amalgamated  ziuc  plate,  whether  it  he  in 
iitnct  with  the  first,  or  be  separated  from  it,  produces  no  change. 
">  if  the  second  plate  be  of  platinum,  of  copper,  or  of  soma 
tal  which  is  Itiss  rapidly  acted  on  by  tlio  acid  than  sine  ia, 
though  no  action  wilJ  occur  whilst  the  IwQ  ^^TiV-e^  Ttwawv. 
■uTtte  (j«  aAoFTii  j'n  dg.  i;^,  i),  yet  the  mQiaeu*.  xVaS.  XV'i'^  ■=MSk 
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allowed  to  touch  each  other,  either  above  (2)  or  henealt  f jl  tfifem 
face  of  the  liquid,  bubbles  of  gns  will  escape  from  the  surface  oftli 


Th 


platmiim.  The  platinum,  however,  is  not  acted  upon  chemicallj  u 
this  case;  if  the  two  metals  be  weighed  before  the  esperimeiit  1 
commeuced,  and  agaio  after  it  ia  concluded,  the  vreight  of  ti 
platinum  will  be  fouud  to  be  unaltered ;  but  the  zinc  will  li 
been  partially  dissolved,  and  will  weigh  less  than  it  did  before.  ' 
gaa  may  easily  be  collected  by  filling  a  tube  with  diluted  acid,  1 
after  introducing  the  platinum  plate,  inverting  the  tube  iu  the  glai 
so  that  the  lower  edge  of  the  platinum  may  touch  the  strip  of  li 
(No.  3).  On  examining  the  gas  which  rises  in  the  tube  it  will 
found  to  be  pure  hydrogen.  It  is  not  necessary  that  the  two  pUt 
should  directly  touch  each  other.  They  may  be  connected  by  n 
of  a  metallic  wire  (as  at  4,  fig.  175),  by  a  piece  of  graphite,  or 
any  good  conductor  of  electricity ;  gas  wilt  continue  under  t 
circumstances  to  rise  from  the  platiuum  plate ;  but  if  a  glass  r 
a  stick  of  shell  lac,  a  bit  of  gutta  percba,  or  any  electric  insolst 
be  made  the  medium  of  intercommunication,  all  signs  of  1 
will  cease.  The  length  of  the  metallic  wire  employed  la  comi 
ratively  unimportant ;  it  may  vary  from  a  few  inches  U)  t 
miles,  and  in  either  cose  it  will  enable  the  action  across  the  Hqi 
to  take  place.  A  pair  of  plates  uf  dissimilar  metals  in  cffccti 
communication,  either  by  direct  contact  or  through  the  mcdii 
of  a  wire,  when  immersed  in  a  litjuid  which  acts  cbemicslly  iip( 
one  of  them,  constitutes  a  voltaic  circuit. 

(iao)  The  wire  or  other  medium  of  communication,  during  t 
time  that  it  forms  the  connexion  hetwecu  the  two  metals,  exhib 
signs  of  activity  which  it  did  not  before  possess ;  it  exerts  a  v 
of  influences  upon  surrounding  bodies,  and  It  loses  these  powi 
immediately  that  the  contact  with  the  metallic  plates  is  broki 
For  instance,  the  temperature  of  the  wire  is  for  the  time  e 
This  may  be  proved  by  causing  the  wire  to  traverse  the  balb  0 
delicate    air    thermomrtct,  or  ^l^  TOvJiAv.^  «.  CBva-jraaiA.  i 


^^^^^■kimetic  actiov  of  TlIC 

'  ^^lll,  such  as  is  usetl  in  Breguet's  thermometer  (134),  part  of  the 

■  .1  of  communication  between  the  plates.      If  a   portion  of  tho 

--  lie  siiltltiiently  reduced   in   thickuess,  visible  ignition  of  such 

ir;ion  may  even  l>e  produced.      Indeed  the  quantity  of  heat  given 

;it  by  the  connecting  wire  may  be  employed  as  a  measure  of  the 

-louut  of  force  which  it  is  transmitting. 

'^3i)  Action  of  eke  Conducting  Wire  on  the  Magnetic  Needle, 

\unther  remarkable   proof  of  the   actii-ity  of  the  wire  which 

Lifts   the   two   metallic  plates,   is   exhibited  in    the  peculiar 

It' lice  Hliich  it  eserts  over  a  magnetic  needle  fi-eely  suspended 

liirectiou  parallel  to  the  wire.     Such  a  needle  tends  to  place 

if  at  right  angles  to  the  wire.     If  the  wire  and  the  needle  be 

musly   arranged   in   the  magnetic  meridian,   the   amount  of 

;iiion  in  the  needle  affords  a  comparative  measure  of  the  force 

■'  !i  is  conveyed  by  the  wire,  as  the  needle  ultimately  assumes  a  ^ 

iLiuu  of  equilibrium  between  the  directive  power  of  the  earth's 

inetism  and  that  of  the  wire  (252). 

The  movements  of  such  a  magnetic  needle  afford  one  of  thdj 

-'  delicate  teals  of  the  development  of  galvanic    electricity,  1 

ki'tricity  in  motion.     It  will  therefore  be  necessary  to  esamin 

ilirection  and  nature  of  these  movements. 

The  direction  of  the  needle  under  any  circumstances  may  easily 

Liieulated  by  recollecting  the  following  rule; — H'?«'n  the  wire 

r'l'ced  in  the  magnetic  meridian,  with  tfte  end  connected  with  ih€ 

plate  towards  the  north,  and  the  needle  is  placed  below  the 

' ,  the  marked  end  will  deviate   westward.     Wlien  the  needle 

-  jlwve  the   wire,  the   marked  end  will  move  towards  the  east,  . 

I'lie  first   effect   is   shown  in   flg.  176,  i  ;  the  second  in  2.     OuJ 

Fio.  176. 


•reming  the  attachment  of  the  wire  to  the  plates,  the  phenomeiM 
ill  in  each  case  be  inverted.  By  means  of  a  simple  model,  Wia 
rectioQ  of  the  needle  under  any  conditions  may  be  readily  iudi- 
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cated; — Across  a  square  strip  of  wood  nni!  &  cylinflriCaf 
right  angles ;  let  the  square  rod  represent  the  magnetic  needle,  th» 
round  rod  the  connecting  wire  (fig.  1 76,  3  and  4)  ,  then  mark 
upon  the  square  rod  the  letters  n  aud  s,  and  on  the  round  tod, 
p  and  ■£,  in  conformity  with  ttie  rule  just  given  ;  by  placing  llir 
model  in  any  given  position,  the  relative  effect  of  the  wire  iiina 
I  the  needle  under  theae  circumstances  will  be  shown. 

Even  the  liquid  pait  of  a  voltaic  cirenit 
acts  thus  upon  the  magnetic  needle.  This  jokj 
be  shown  by  suspending  a  needle,  n  t,  fig.  177  ly 
meiins  of  a  fibre  of  silk,  over  a  dish  of  dJIatd 
sulphuric  acid.  On  one  side  of  this  dish  &  tiiu 
plate,  z,  is  inserted,  on  the  other,  a  pUte  of 
platinum,  f.  The  needle  must  he  placed  so 
that  one  of  its  ends  may  point  towards  one 
1  plate,  and  the  other  end  towards  the  oiha 
plate.  If  the  two  plates  be  now  councctcd  hj 
&  wire,  aa  shown  in  the  figure,  the  needle  vill 
Iw  deflected,  and  will  place  itself  nearly  panHd 
to  the  metallic  plates. 

(aai)   The  Galvanometer. — Since  every  part  of  the  circuit  ut* 
equally  upon  the  needle,  and  since  it  is  possible  to  make  sevenl 
parts  act  simultaneously  upon  it,  actions  may  be  reudere<I  percept 
tible  which  would  otherwise  be  too  weak  to  influence  its  tnotiaa. 
Fig.  17S   will  convey  an   idea  of  tto 
Fio.  178.  principle  upon  which  this  is  effected. 

Suppose  the  wire  connecting  the  plates 
p  and  K  to  be  bent  into  a  loop  with 
parnliel  sides.  If  a  magnetic  needle 
be  suspended  between  the  wires,  and 
parallel  to  them,  the  loop  and  tlu) 
needle  being  both  in  the  magnetic  me- 
ridian, with  the  end  N  itointing  to  tbs 
north,  the  marked  end  of  the  ueedlB 
would  be  impelled  westward  under  tbr 
influence  of  the  force  in  the  a{ 
branch ;  and  as  the  current 
in  the  reverse  direction  through  the  lower  wire,  this  tendency 
the  north  end  westward  would  be  doubled.  By  increasing 
number  of  coils  which  are  placed  around  the  needle  panUlct  to' 
each  other,  very  feeble  aotioua  may  be  rendered  cvidcnL 
instrument  constructed  on  this  princiide  is  termed  a  gnhanomettr. 
The  sensibility  of  t\ie  ga.\va»omeVe.T  niKs,  VQ■«'i^'M,  \fc 
itirtiier  iucreaaed  by  jiadtt&  qu'C&\4c  ft^e  e»\\  «.  wkwoJ.  — 
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nic  galtanoueteb.  I 

'■'Hie  with  its  poles  reversed ;  tlie  directive  force  of  the  earth 

V  be  tliiis  almost  exactly  ueutralized ;  its  attractive  power  upon 

■ic  tiortb  em)  of  one  needle  being  almost  exactly  counterbalanced 

lij  iu  repulsive  action  ujmu  the  south  end  of  th6  needle  which  is 

[srellel  to  it.     A  pair  of  needles  thus  arranged  constitutea  what 

ii  U'rmed  an  astatic  combination.      A  very  feeble  force  will  be  suf- 

Edeul  to  drive  one  particular  cstremJty  of  such  a  pair  of  needles 

to  the  east  or  to  the  west ;   but  the  second  needle  being  outside 

tlie  coil  will  be  acted  upon  by  the  upper  wires  only,  the  lower  ones 

'■"ing  at  too  great  a  distance  to  produce  any  sensible  eiFect.     The 

tiiiit  of  the  upper  wires   upon  the  needle  above  them  coincides 

tti  their  action  upon  the  lower  needle,  with  its  reversed  poles : 

III  the  effect  of  a  feeble  current  is  thus  materially  increased  by 

■"•-^i  combined  actions.     Tlie  conducting   wire   must  be  covered 

iUi  silk  to  preserve  the  insulation  of  each  coil  from  the  contiguous 

The  astatic  galvanometer  is  re-  ^i"-  '79- 

;:v?cnted  in  section  iu  fig.  179.    The 

■  I  (lies,  Ii  s,  »  n,  are  suspended,  one 

thin,  and  the  other  above  the  coil 

'  wire,  w  to,  by  means  of  a  fibre 
'!  -ilk,  d,  the  whole  being  euclosed 

iliin  the  glass-case,  g.  The  paral- 
■iiiiu  of  the  two  needles  to  each 
':'i[T  is  maintained  under  all  circnm- 

'■iiiijes,  by  causing  each  of  them  to 
,  '-*  traiiHverseiy   through  the  same 
.■  t'L-e  of  straw,    or    by   couuecting  _ 
liitiu  together  by  means  of  a  piece 
"'  fine  copper  wire ;    the  fibre    d    being   attached  to   t!ie  upper 
trcmity  of  the  straw   or  the  wire.     13y  means  of  a  screw   at 

,  tlie  point   of  suspension  of  the  silk  can  be  raised  or  lowcreil 
■iitliout  twisting  it,  so  that  when  the  needles  are  not  in  use  their 

''i^ht  need  not  be  supported  by  the  silk  fibre,      c  c,  is  a  sheet  of 

"I'piT  provided  with  a  graduation  on  its  margin  for  estimating  the 

"^Tilar  deviation  of  the  needles;  b  b,  are  binding  screws  for  con- 
I  '"ing  the  extremities  of  the  coil  with  the  wires  which  transmit 

lie  current;*  the  apparatus  can  be  levelled  by  means  of  the  screws, 


(if  bindinij  ei-rewR. 
ri-urj  as  the  meani 
litrerent  )>nrts  of  ibe  0 


"p'"" 


employ  urnall  enpg 
•>(•  the  metallic  communiextion 
ada  of  the  wiri'B  should  b« 


1  tij  brJKht  before  ininiei»iai;  them  in  the  mercury.     Copper  v 
^'j  amalKBrnated  Buperfieially  by^icouring^thcm  with  fine  emrry 
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«t  /,  k  lever  is  shown  by  which  the  coil  of  « 
accurately  parallel  with  the  maguetic  needles,  so 
n  coincide  with  the  zero  of  the  graduated  circle, 
lu^  be  made  not  only  to  indicate  the  exiatei 
rduie  action,  but  also  to  measure  its  amouDt.  Ulien  the  i 
tWDS  of  the  needle  are  small,  not  exceeding  i  j°  or  lo*^,  the  a\ 
atiegKta  of  deviation  gives  nearly  accurately  the  relative  I 
but  for  angles  of  greater  magnitude,  this  is  not  the  caw,  he 
the  taorethe  needle  deviates  from  parallelism  to  the  wire,  the 
otdiquely  and  therefore  the  le$3  powerfully  does  the  force  act 
occasions  its  motion ;  and  it  becomes  necessary  to  detcrmii 
vaiue  of  llie  degrees  by  direct  experiment.  It  would  reqi 
greater  amount  of  power  to  move  the  needle  from  ao"  to  a^*, 
from  io°  to  15°;  and  a  still  greater  to  produce  n  deviation 
30°  to  35" ;  but  the  force  required  in  each  case  is  dcfinib 
consequently  may  be  estimated  and  measured. 

(223)  Allusion  has  already  been  made  to  the  phyno] 
action  of  the  current,  in  consequence  of  which,  if  a  linng  ai 
or  a  part  of  one  recently  killed,  such  as  the  limb  of  a  frog,  1 
eluded  between  a  pair  of  platea,  muscular  contractions  an 
duced;  similar  effects  occur  if  a  portion  of  the  human  body 
as  the  tip  of  the  tongue,  be  included  bctweeii  two  inten 
|ioints  of  the  conducting  wire.  But  in  additiun  to  the  fac 
magnetic,  and  physiological  effects,  another  remarkable  sei 
phenomena,  those  of  chemical  decomposition,  may  be  cshihi 
tlte  interrupted  [mints  of  the  conducting  wire.  These,  howevi 
more  distinctly  shown  when  a  number  of  pairs  of  plates  is  emp 
(334)  "^  VoHaicPik. — In  prosecuting  the  experiments  o 
vani,  Volta  discovered  that  by  using  a  nt 
of  similar  metallic  pairs  moistened  by  a 
or  by  a  feebly  acid  liquid,  many  of  the  1 
already  described  were  gi-eatly  iucrea.se< 
in  tlie  year  1800  he  published  a  dcscript 
the  apparatus  which  he  had  contrived 
which  has  ijerpctuated  the  name  of  i 
veiitor  tmder  the  designation  of  the  I 
Piie.  This  important  instrument  ia 
sciited  in  fig.  iKo.  It  consists  of  a  I 
sion  of  pairs  of  plates  of  two  dissimilar  n 
»wh  as  Jsine,  z,  and  copper,  c,  or  zdm 
silver,  each  piiir  being  scjiaratcd  ou  eltJu 
fram  the  adjacent  pairs  by  ^iecca  of  card 
flannel,  t,  moi&X.t\i<i4  ■w^'O'a  wto.  Mi  -^ 
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'i  very  weak  acid :  these  plates  may  be  supported  by  a 
:,n'  of  ilry  wood.  The  effects  produced  by  such  au  apparatus 
I  Booii  seen  to  be  of  an  electrical  character.  If  the  ends 
:lie   [Jile    or  the    wires  connected  with   them    were    touched, 

with  each  baud  previously  moistened,  a  sensation  similar  to 
i;  of  the  electric  shock  was  experienced.  Sparks  could  be  ob- 
icd  between  two  pieces  of  charcoal  attached  to  the  eutls  of  the 
.  -7 ;  divergence  of  the  gold  leaves  of  the  electroscope  waa  pro* 
. ..d  nben  one  wire  touched  the  cap  of  the  instrument,  whilst  the 
1  jr  wire  was  in  communication  with  the  earth;  and  other  elec- 
■J  effects  were  obtained.  In  arranging  the  plates  of  metal  it 
.ui^fflary  strictly  to  observe  a  certain  order  in  their  succeseiou; 
i",  if  a  plate  of  zinc  with  a  wire  attached  to  it  form  the  bottom 
'lie  pile,  a  piece  of  wet  flannel  must  be  placed  upon  it,  then  a 

t^  of  copper,  then  a  piece  of  zinc,  then  flannel,  then  copper, 
.  xinc,  then  flannel,  and  so  on,  till  the  pile  terminates  at  the 

with  a  plate  of  copper  to  which  a  wire  is  attached.  By 
u-ring  together  the  zinc  and  copper  in  pairs,  a  considerable  im- 
cement  is  effected,  complete   contact  of  the  two  metals  is  in- 

il,  iind  the  apparatus  can  be  mounted  with  more  rapidity. 
;iiy  practical  inconveniences,  however,  are  experienced  when  the 
Mument  is  mounted  in  the  form  of  a  pile :  the  li<iuid  in  the 
L  ujel  soon  loses  the  power  of  acting  chemically  on.  the  zinc,  and 
■  ictivity  of  the  combination  rapidly  declines. 

Another  more  effectual  arrangement  adopted  by  Volta  is  shown 
fig.  iSi ;  be  termed  it  the  Crown  of  Cups.     In  this  form,  the 


Kin  Uie  cell  corresponds  to  the  moist  flannel  of  the  pile,  and 
c  of  one  cell  being  connected  with  the  copper  of  the  adja- 
1,  the  arrangement  corresponds  exactly  with  that  of  the  pile, 
iihe  2dac  is  on  one  side  of  the  Sanael,  whilst  the  copper  in 
it  with  the  other  surface  of  the  flannel  comraunicates  with 
c  touching  the  flannel  nest  above  it,  and  so  on.  Other 
lefficient  forms  of  the  voltaic  battery  will  be  described  further 


The  Conditions  required  to  produce  Voltaic  Action. 

(225)  Electric  Disturbance  by  Contact  of  Disaimtiar  Melalt.- 
Ilai-idg  in  tlie  foregoing  remarks  traced  the  voltaic  pheuomenii  C 
n  ID oditi cation  of  electricity,  we  may  now  proceed  to  esamitie  mor 
particularly  the  conditions  under  which  they  occur.  1 

It  was  ear]y  observed  by  Voita  that  when  two  different  metall 
properly  insulated,  are  brought  into  contact,  and  then  separate 
by  means  of  insulating  handles,  each  plate  exhibits  signs  of  elei 
tricity  which  may  be  detected  by  a  sensitive  electroscope  such  ) 
Bohuenberger's  (note  §  250),  The  more  osidizablc  metal  is  foul 
to  be  jiositivc,  while  the  lesa  oxiilizable  metal  is  negative.  Ifm 
tilings  be  sifted  tlirough  a  piece  of  insulated  eppi)er  wire  gau 
upon  the  cap  of  a  gold  leaf  electroscope,  the  leaves  of  the  instrumc 
will  diverge.  On  approaching  the  electroscope  with  an  escit 
stick  of  sealing-wax  the  leaves  will  collapse,  thus  proving  that  i 
zinc  filings  have  acquired  positive  electricity.  If  copper  filing* 
sifted  through  zinc  gauze,  the  filings  will  be  found  to  be  ncgadi 
The  various  metals  may,  with  reference  to  these  electric  actiui 
be  arranged  in  a  series  in  which  those  first  in  order  become  pa 
live  by  contact  with  all  those  that  follow,  and  negative  with  1 
those  that  precede:  for  example,  potassium,  zinc,  iron,  lead,  tl 
copper,  mercury,  silver,  gold,  platinum.  This  it  may  be  obecrv 
is  merely  the  order  of  the  oxidability  of  the  difi'crent  metals,  a: 
Delarive  contends  with  great  probability  that  the  development 
electricity  in  Volta's  ejtperimcut  is  due  toan  excessively  minute  oxiij 
tion  produccdbytlicmoistureoftbcair  upon  the  plate  which  becoa 
positive,  though  his  experiments  are  not  altsolutely  coucliiaive. 

Volta  regarded  the  interposed  liquid  of  his  pile  in  the  Ug 
merely  of  an  imperfect  conductor  which  allowed  induction  to  ta 
place  through  it,  the  electricid  equilibrium  being  perpetually  d 
turbed  by  the  contact  of  the  two  metals ;  and  lie  overlooked  t 
chemical  changes  which  the  liquid  is  contiuually  undergoing. 

(326)  Chemical  Action  Essential  to  the  production  of  VoUi 
Action. — It  is  now  known  that  chemical  cliiuiges  are  esseutul 
tlie  production  of  the  force.  Contact  of  dissimilar  substonocs 
is  true  is  necessary  to  the  voltaic  action  ;  because  without  conb 
there  cau  be  no  chemical  action.  Such  coutact  jjroduccs  diati 
banrc  of  the  electric  equilibrium  in  the  bodies  which  arc  brong 
together,  and  thus  occasions  a  state  of  tension  or  polari^  wlii 
always  precedes  the  discharge,  Chemical  action,  by  rcnewi 
OiOfB  cODt&ctft  and  by  famishing  a^t^roprialc  condurlort  to  t 
eiectiiatj  thus  accumtAatcA,  taBJoAain*  v\\e  -j^nlwiw  wiA  w^-a.-tv** 


:    CHEMICAL   ACTIOV. 


i^irra  its  force;  and  iititil  chemical  action  occurs  no  current  v 
-iiiced.  The  following  csperiment  may  be  cited  in  illustratioa 
ilii»  point: — Let  an  iron  wire  be  connected  with  one  extremity 
.'  ^v&iioinetcr,  and  a  platinum  wire  with  the  otiier  extremity  ; 
iiicrsp  the  ends  of  the  wires  in  highly   eoneentrated  nitric   acid 

gr.  aliout  1*45},  without  allowing  them  to  touch  each  other 
■Up  litjuid  ;  no  chemical  action  will  occur  upon  the  iron,  and  no 
'  rnent  of  the  magnetic  needle  will  be  produced ;  but  the  addi- 
'-.  uf  a  little  water  will  determine  a  rapid  solution  of  the  iron  in 
:  jcid,  and  the  needle,  at  the  same  moment  that  the  chemical 
;i'iii  commences,  will  receive  a  powerful  impulse. 

'237)   Polarization  and  Trmufer  of  the  Elements  of  the  Liquid. 

-Thi?  Mmjite  occurrence  of  powerful  chemical  action  is  not  alone 

11  icnt  to  produce  a  powerful  voltaic  effect.     The  metals  are  all 

illeut  conductors  of  electricity,  and,  in  combitiing   with  each 

T  to  form  alloys,  they  often  give  evidence  of  intense  chemical 
■111,  hut  they  do  not  produce  any  adequate  voltaic  effect.  For 
iiii|)lc,  if  a  $>mall  quantity  of  tin  be  placed  in  a  tube  bent  into 

form  of  the  letter  U,  and  be  melted  by  the  heat  of  a  spirit- 
;ii|),  and  it  be  connected  on  one  side  irith  the  wire  of  a  galvano- 
!(T,  which  is  introduced  into  the  melted  metal  in  one  limb  of 

■  lube,  whilst  into  the  second  limb  of  the  tube  a  platinum  wire, 
1  iiccted  with  the  other  extremity  of  the  galvanometer,  is  plunged, 

platinum  will  unite  with  the  tin  with  incandescence,  but  after 

■  hrat  moment  of  contact  no  permanent  deviation  of  the  mag- 
no  needle  will  be  observed,  altliough  a  brisk  ehemieal  action  ia 
■itiiiued  for  several  seconds.  A  solution  of  the  eleoieutary 
ilic^,  chloriue  or  bromine,  when  used  as  the  liquid  between  the 

■'■'.'If,  although  it  acts  powerfully  on  the  zinc,  produces  by  uo 
:trL8  a  proportionate  power  in  the  circuit, 

Iq  order  that  the  liquid  shall  possess  any  marked  power  of 
-itiug  voltaic  action,  it  must  be  a  compound  susceptible  of 
iiin|K)8ilion  by  oue  of  the  metals,  such,  for  instance,  as  dilute 
'|iliiiric,  hydrochloiic,  or  hydriodic  acid,  or  a  saline  substance, 
11  us  chloritle  of  sodium  or  iodide  of  potassium.  This  necessity 
'  ilie  c;ni|iloymeut  of  a  compound  liquid  for  exciting  the  force, 
,'["'ars  to  arise  from  the  necessity  of  a  peculiar  polarization  in  the 
;'i  4  in  order  to  enable  it  to  transmit  the  voltaic  action.  Indeed 
I  all  voltaic  actions  the  transfer  of  power  is  effected  by  a  polar 
"urui'C,  propagated  through  both  the  solid  and  the  liquid  particles 
I  liia  circuit,  and  the  chain  of  conducting  material  must  be  eon- 
I  tbroi'^hout,  so  that  the  force  shaW  circuhite. 
k  process  0/ polarization  may  be  conceVsei  to  ticcv^^  V^  '^\^ 
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following  manner,  wli'ich  offers  an  explanation  of  tSie  mode  ii 
which  tlie  platinum  (or  the  plate  of  metal  which  con-esponds  U 
platinum)  may  be  supposed  to  act : — "When  a  plate  of  pure  (ine 
or  of  amalgamated  zinc  is  immersed  in  a  compound  liquid,  which, 
like  a  solution  of  the  hydrochloric  acid  (HCl),  is  capa.hle  of  at 
ticking  it  chemically,  the  metal  at  the  points  of  contact  hccoma* 
positively  electrified,  whilst  the  distant  portion  becomes  ncgatin. 
The  layer  of  liquid  in  contact  with  the  zinc  undergoci  polarisation, 
which  affects  each  molecule  of  its  chemical  constituents;  the  pa^ 
tides  of  cjiloiine  become  negative,  and  the  particlea  of  hydrogtn 
positive ;  but  in  this  form  of  the  experiment  there  is  no  commu- 
nication between  the  negative  part  of  the  zinc  and  the  positively 
electrified  particles  of  hydrogen ;  consequently,  beyond  the  produc- 
tion of  this  state  of  electric  tension,  no  change  ensues.  Thil 
condition  is  represented  in  fig,  t8j  (i).  But  the  case  i*  cnliMlf 
FiQ,  183. 


altered  if  a  plate  of  platinum,  or  of  some  other  metal  which  is  til 
easily  acted  upon  by  the  acid,  be   introduced,  uud  made  to  toodi 
the  zinc.     By  contact  with  the  zinc  the  platinum  itself  becumet 
polarized ;  it  imparts  a  certain  amount  of  positive  electricity  to  the 
zinc,  and  receives  a  portion  of  negative  in  return,  and  transnuti  J 
the  polar  action  to  the  liquid.     A  cliain  of  polarized  particles  1 
tlius   produced,    as  represented  in   lig.  182  (2);  the    chlorine  i 
the  panicle  of  II  CI  nearest  the  zinc  becomes  negative  under  t 
influence  of  the  chemical  affinity  wliicb  exista  between  it  and  thj 
zinc,  and  the  hydrogen   becomes   positive :  the  second  and  tUbi 
particles  of  H  CI   become   similaHy  electrified   by  inductioa ;  b«^ 
tiie  platinum,  under   tlie   iufliieuce  of  the  induction  of  the  rini^l 
being  negative,  is  in  a  condition  to  take  up  the  \k-'. 
of  Hie  contiguous  hydrogen.     The  action  now  ri  > 
\  to  enable  the  zinc  and   the  chlorine  to  corobiiu^ 
f;ach  other;  the  chloride  ai  lunc  vVtt*  V'«>^^'^'^^  ^'^  lU-  .!i«.: 

aid.  and  is  removed  from  iutlVct  \mmt«i-\».e  wAw-a  ■,  Vka  -iwt 


Altaic  current. 

'Vie  of  lijdrogtn  nearest  tlie  zinc  now  seizes  tlie  oppositely 
trifiwl  chlorine  which  lies  next  to  it,  and  a  ucw  poitioii  of 
■  irix^hloric  acid  is  reproducedj  whilst  the  hydrogen  in  the  second 
nirle  of  the  acid  is  transferred  to  the  chlorine  of  the  adjacent 
riicle,  and  the  particle  of  hydrogen  which  terminates  the  row  is 
i;rically  neutralized  by  its  action  upon  the  phitinum,  to  which 
'iiiparts  its  esceas  of  positive  electricity,  and  immediately  escapes 
rhc  form  of  gas.  Fresh  particles  of  hydrochloric  acid  conti- 
liy  supply  the  place  of  those  which  have  undergone  decompo- 
■  •n.  and  in  this  way  a  contiouous  action  is  maintained.  Thus 
ininsfer  of  electricity  from  particle  to  particle  of  the  liquid  is 
:  Lidcd  at  the  same  instant  by  a  transfer  of  the  coiistituenta  of 
■■  Iii|aid  in  opposite  directions. 

These  changes  are  not  successive,  but  are  simultaneous  in  each 
iiitical  section  of  the  liquid,  and  are  also  attended  with  corre- 
tpouding  changes  at  all  points  of  the  entire  circuit.  These  changes 
*iien  continued  uninterruptedly  constitute  what  is  conveniently 
Imned  a  voltaic  current.  This  term,  '  current,'  is  in  general  use, 
W  it  should  be  borne  in  mind  that  it  is  in  this  sense  employed 
merely  to  signiiy  the  continuous  transmission  of  force,  not  of  any 
uuterial  substance.  In  every  voltaic  current  it  is  assumed  that  a 
inaiitity  of  negative  electricity,  equal  in  amount  to  that  of  the 
positiTe  set  in  motion,  is  proceeding  along  the  wire  in  a  direction 
opposed  to  that  in  which  the  positive  electricity  is  travelling;  and 
it  ia  conceived  that  by  the  perpetual  separation  and  recomliinatiou 
of  lie  two  electricities  in  the  wire,  its  heating  and  other  effects  are 
Jinxliiced.  In  order  to  avoid  confusion,  however,  whenever  the 
^incHoft  of  the  voltaic  current  is  referred  to,  the  direction  of  the 
poaitire  current  alone  is  indicated. 

The  polarization  of  the  metallic  and  liquid  particles  composing 
circuit  when  zinc  is  placed 


H  acid,  or  in  other  words, 
■I'  occurrence  of  electric  ten- 
-II  us  a  preliminary  to  the 
i-sagc  of  the  voltaic  current, 
■■  !>  be  shown  by  the  foUow- 
'■:  c]iperiment  (Gassiot).     A 

'^c  of  platinum,  P,  fig.  183, 
il  another  of  amalgamated 

.!■,  z,  are  immersed  in  dilute 

'iilmric  acid,  and  tlie   wire 

'  !i^li  procwrfs  fmni   each  h  ~:^^_ 

iiklcd  and  connected  with 
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tlie  two  gilt  disVs,  a,  h,  of  the  electroscope,  e  ;  these  tliska  ai 
lutpil  from  eacli  other  and  from  the  ground,  by  the  glass  of  I 
apparams;  they  slide  easily  to  and  fro  iti  the  socket*,  aii^  can 
liroiight  within  a  quarter  of  an  inch  or  less  of  each  other ;  a  m^ 
gold  leaf,  monntcd  as  in  the  ordinary  electroscope,  is  bus] 
midway  between  them  t  now  if  the  positive  end  of  a  Deluc's  pi 
{149),  D,  he  brought  near  the  cap  of  tlie  instrument,  the 
will  approach  the  disk  a,  which  is  connected  with  the  zinc  plite 
the  leaf  becomes  positive  by  induction  from  the  positive  end  of  tl 
pile,  and  is  therefore  attmcted  by  the  negatively  electrified  ihakf 
but  if  the  opposite  end  of  the  pile  d,  which  is  cliarged  with  lies' 
tive  electricity,  be  presented,  the  gold  leaf  becomes  negative,  sod: 
attracted  by  the  positively  electrified  disk  b,  which  is  iu  conimio 
with  the  platinum  plate.  The  amount  of  the  electric  ten 
increases  in  proportion  as  the  number  of  pairs  is  increa 
Gassiot  found  with  a  battery  of  400  pairs  of  Grove's  cells,  1 
cell  being  carefully  insulated,  that  a  succession  of  sparks  pa 
between  the  terminals  when  brought  very  near  to  each  otherj 
if  each  end  of  the  battery  was  connected  with  a  gold  leaf  eJeetn 
scope,  the  leaves- of  each  diverged  powerfully,  the  wire  in  i 
nexion  with  the  platinum  plate  furnishing  positive,  that  wiUl 
zinc  plate,  negative  electricity.  (See  also  §  251,) 

(128)  Energy  of  tlw  Current  ProporlioniUe  to  the  CXeiHJe 
Activity. — Tn  order  to  produce  a  current,  the  two  tnetnla  whi 
are  employed  must  be  acted  uptm  by  the  exciting  liquid  with  d 
fereiit  degrees  of  rapidity  : — thus,  when  two  similar  slips  of  sii 
or  of  any  other  metal,  are  opposed  to  each  otlier,  no  current 
excited.  The  galvanic  action  is  strongest  betwi!en  two 
upon  which  the  chemical  action  of  the  components  of  the  e^icitil 
liquid  differs  most  widely ;  for,  from  what  has  been  alre« 
stated,  it  is  evident  that  two  strips  of  zinc  would  tend  to  prodn 
polarization,  and  subsequently  currents  of  equal  intensity,  in  < 
posite  directious,  so  that  the  two  would  necessarily  nentrnKzc  ci 
other.  \Vheii  zinc  is  opposed  to  tin,  a  current  is  prodnoed,  n 
tiug  out  through  the  liquid  from  the  zinc  to  the  tin  ;'  sine  • 
copper  give  rise  to  a  stronger  current  iu  the  same  dircclio 
vrhilst  between  ziuo  and  platinum  the  current  is  still  moro  pom 
ful;  and  between  potassium  and  platinum  the  action  atlaiiu 
maximum,  lly  farming  an  amalgam  of  potassium,  this  last  mi 
tioned  e.\periment  admits  of  easy  performance  j  for  jt  hu  be 
found  Uiat  the  voltaic  rclntious  of  all  amalgam*  are  the  stuns 
those  of  the  more  oxidizable  metal  which  they  r     r  '. 

(feal  of  tlie  potassium  is  oxidised  by  what  \^  U-m 

iiiliilfillliiiliilliWrifliii 
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bctioa  between  local  action  and  actiou  which  contributes 
1  vciltiiic  effect  is  imimrtant,  and  may  be  illustrated  by  the 
'  1  actiou  of  diluted  Bulpburic  acid  u^on  a  slip  of  ordi-^ 
rj  zinc  and  upon  a  slip  of  zinc  tirom  the  sanie  gbect  which  1 
Bd  amalgamated:  in  the  first  case  rapid   solution   of  the  meta 

II  occur  although  the  connexion  with  the  platinum   plate  maj^ 
lin  incomplete;  in  the  second)  the  zinc  will  be  attacked  onlyf 
n  the  circuit  ia  completed  ;  but   the  ouaraalgamated  zinc  willf^ 

iucc  DO  greater  voltaic  effect  than  an  equal  slip  of  the  metal 
lich  has  been  properly  amalgamated.  In  no  instance  ia  th| 
■ce  iu  circulation  increased  by  the  local  actiou  on  the  plated 
lotever  be  the  nature  of  the  metal. 

Wbeatatone  has  de^ed  a  method  (248)  of  measuring  th( 
lount  of  the  electro-motive  fierce,  or  energy  of  the  voltaic  poirera 
rniwed  by  any  combination;  and  he  has  by  this  means  pro« 
!ii»ive!y  that  this  energy  depends  upon  the  intensity  of  thfl 
I  iciil  actiou  between  the  elements  of  the  liquid  and  thl| 
.'.ds  which  compose  the  circuit.  He  has  shown  that  if  any-* 
rec  of  these   dissimilar  metals  be  taken  in  their  electrical  order 

III  he  formed  in  pairs  into  separate  circuits,  the  force  generated 
I  a  combination  of  the  two  extreme  metals  of  the  series  is  equal 
I  the  sum  of  the  forces  developed  when  the  intermediate  metal  is 
pirntcly   combined  with  each   of  the   other   two  in  succession, 

or  e:[ainple,  the  voltaic  energy,  or   electro-motive  force,  excited  — 
stwecn  platinum  and  an  amalgam  of  potassium  may  be  repre-J^ 
inted  by  the  number  69 :  the  electro -motive  force  between  pla 
niua  and  sine,  expressed  in  terms  of  a  similar  standard,  is 
14O;  and  in  a  similar  experiment  between  zinc  and   potas 
iicre  tine  acted  the  part  of  a  negative  metal  towards  the  pota»i 
I,  the  number  obtained  was  29.     Now 

e  amount  of  foi^ce  between  platinum  and  zinc      =  40 
e  amount  of  force  between  zinc  and  potassium   =  29 


the  two  taken  togethei 


=  69 


umber,  fig,  is  identical  with  that  obtained  by  opposin 
g  to  the  amalgam  of  potassium. 
Vf)  Direction   0/  the   Current  Dependent  on  the  Direction  q 
mical  Action.— la  all  these  cases  the  positive  electricity  setB 
the   more   oxidizable  metal,  which  may  be   termed  thi 
•f  or  generating  plate,  and  traverses  the  liquid  towards  thfl^ 
idisable   metal   which    forms    the   negative  or  conducting 
Efirom   the  conducting  plate  the  force  is  transferred  to  tliti 
^icriice  in  turn  to  the  generating  p\ale  \  ttiMs  vVw  mwS 
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is  completed.  Unless  this  circulation  can  take  place^  all  the  ^ 
nomena  of  voltaic  action  are  suspended.  Since  the  chemical 
action  of  any  combination  is  thus  always  in  one  uniform  direc- 
tion, the  motion  of  a  magnetic  needle  under  its  influence  is 
equally  uniform  :  the  amount  of  force  which  is  thrown  into  cir- 
culation, whether  it  be  measured  by  its  magnetic  or  by  its  heating 
effects,  is  proportioned  to  the  quantity  of  the  positive  metal  which 
is  dissolved  in  a  given  time. 

Every  liquid  which  thus  acts  in  exciting  a  voltaic  current  may 
be  regarded  as  consisting  of  two  groups  of  substances^  one  of 
which  attacks  the  generating  or  positive  plate^  and  may  be  termed 
the  electro-negative  constituent  of  the  liquid,  whilst  the  other  is 
transferred  to  the  conducting  or  negative  plate^  and  constitutes  the 
electro- positive  constituent. 

The  elementary  bodies  have  indeed  been  classified  upon  thi« 
principle    into   electro-positive   and   electro-negative   substances  i 

Electro-chemical  Order  of  the  Principal  Elements. 

Gold 


Electro-negative, 

Oxygen 

Sulphur 

Selenium 

Nitrogen 

Fluorine 

Chlorine 

Bromine 

Iodine 

Phosphorus 

Arsenic 

Chromium 

Vanadium 

Molybdenum 

Tungsten 

Boron 

Carbon 

Antimony 

Tellurium 

Titanium 

Silicon 

Hvdrogen. 


\ 


\ 


Platinum 
Palladium 
Mercury 
Silver 
Copper 
Bismuth 
Tin 
Lead 
Cadmium 
Cobalt 
Nickel 
Iron 
-   Zinc 
Manganese 
Uranium 
Aluminum 
Magnesium 
Calcium 
Strontium 
Barium 
Lithium 
Sodium 
Potassium. 

£lectTo-po«U.i0M, 
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1  most  of  the  metala  being  electro -positive  j  oxygen, 

i  otUer  substances  of  this  nature  being  electro -negative, 

J  table  the  more  important  of  the  elements  arc 

I  iu  the  electro- chemical  order  on  the  authority  of  Beize- 

t  has  been  remarked  that  the  more  strongly  electro-jiosttive 

1  forms  belonging  to  the  regular  system,  whilst- 

ion-metallic    elements,    and  those    metals    which    are 

((-negative,  crystallize  generally  in  other  forms. 

1  probable  that  the  order  here  followed  is  not  exactly  c 
Fluorine,  and  chlorine  perhaps,  ought  to  stand  at  the  hei 
f  Ilat  J  there  is  no  doubt  that  hydrogen  should  stand  mui 
r  to  potassium ;  and  according  to  late  experiments  aluminuTd 
-'  i;lj  take  its  place  between  lead  and  cadmium.     It  is  also  cer- 
i;  tluit  the  elements  do  not  under  all  circumstances  maiutain 
■^arae  relative  order,  but  that  iu  particular  cases  the  order  i 
ltd :  for   example,   in  strong  nitric    acid,  iron  is   nearly   . 
i'lro-negative    as   platinum  ;    again,    a  metal   may  be  electrfi 
i  el  five  when  it  forms  the  base  of  a  salt,  but  electro -negative  v 
BMOciated  with  the  elements  of  the  acid  constituent.     Indeed  it 
(nay  be  laid  down  as  au  invariable  rule  that  whenever  the  chemical 
M^u  is  inverted  the  direction  of  the  current  is  inverted   also. 
'JSk  voltaic  order  of  the  metals  given  above  is  that  which  is  observed 
iriun  diluted  acids  are  used  as  the  exciting  liquids,  but  it  by  no 
""was  represents  the  order  iu  which  they  stand  wheu  the  current  is 
'h-ii  by  the  use  of  a  caustic  alkaline  solution  or  a  sulphide  of 
ilkaline  metala.     This  point  is  well  exemplified  in  the  foUow- 
-  results  given  by  Faraday  {Phil.  Tram.,  1840,  p.  113).     The 
'i!i»  which  stand  first  ou  each  list  are  uegative  to  all   those   ' 
1:1  ii  follow  them.     The  place  of  iron  in  the  strong  nitric  acid  is  J 
^hich  it  shows  immediately  on  immersion  ;  it  becomes  muclk 
rerfully  electro-negative  afterwards  ; — 
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e  «f  Ae  \j\     I    ''  c  sod  coodsrting  [i 
ao  nftaBBee  lyoa  Ae  AKOam  of  dw  eairgpt,  which  Kts  ia  n  J 
eanHlf  dia^^  fte  fiq[nd    &aai  s  aqtave  mdi  uf  t 
i^iaac  finC  «f  flsypcr  aa  froa  a  a^om  foot  of  i 
(■A  af  caffCT.     tlK  ipwiJ  of  tlrii  fc«te  nsf  be  t 

r  tif  Mifa«itittng  »  mI otion  of  Mil|JMte  « 
e  add  ■•  s  part  of  tbe  exating  Uqiod ;  cop^a  vlOM 
tjhr»««  don  tartcad  ctf  li^Jiugcn, and  b^^  ita  colour  aad  thtdnMl 
«31  VKwj  agggnrtriyiaJkate  tlie  exteat  atul  directiua  of  U 
The  eiperiMt  it  ernHj  Bade  bf  taking  adrantage  of  A'V 
pOMeaKd  by  poraoa  Aaphn^m,  in  coftMqacuce  of  « 
of  asj^  aoonal  lacuibiuie,  or  of  ongtased  earthenware,  t 
be  thoroogfal;  vetted  by  the  liqaids,  will  allow  the  nimtit  ft 
trxtenc  it  without  opposing  an;  material  obstriictiou  to  lb 
paMsge.  Dilated  ftolpfaoric  und  mav  thus  be  emplorcd  upon  vu 
»ide  of  the  diaphragm,  and  a  Eolation  of  sulphate  of  cupper  V 
the  other  vide ;  nnder  these  circum^lances  a  current  vroulll  be 
fredjr  transuiRed,  whilst  the  two  liquids  would  be  jiruveuled  froo 
intermingling.  For  example,  Itt  a  piece  of  Ual- 
Fi«,  18+.  der,  &,  fig-   184,  be  tied  firmly  over  the  I 

end  of  a  wide  tube  open  at  both  cstremitieil 
place  some  diluted  sulphuric  acid,  a,  in  the  tol)^ 
and  suspend  a  rod  of  zinc,  k,  in  its  a:iis;  wp- 
port  the  tube  so  that  its  lower  cud  shnll  dip 
beneath  the  surface  oF  a  solution  of  sulpliate  rf 
'  copper,  G,  contained  in  a  shallow  glass  dish,  ufM 
the  bottom  of  which  rests  a  sheet  of  copper, «: 
on  connecting  the  zinc  and  copper  by  the  irii 
,  voltaic  action  will  ensue,  aud  a  deposit  of  metallic  eopper  » 
be  prcHluccd  upon  the  plate,  c.  It  will,  however,  he  observed  till 
this  deposit  does  not  talte  place  uniformly  over  the  antfaee  of  ft 
sheet  c,  but  that  it  commences  in  the  centre  in  a  eircnlar  fortn 
the  layer  of  copper  shows  itself  first  at  the  point  inimediatti 
beneath  the  eitroniity  of  the  zinc  rod,  and  it  is  at  this  point  til 
the  grcntTAt  thickness  of  the  deposit  occurs ;  it  gnulniilly  becomi 
thinner  towards  the  circumfcrcuco  of  the  circle,  which,  howcn 
continues  to  increase  in  diameter  as  tlie  experimeJit  pruceeda^  u 
if  suffioieat  time  be  allowed,  the  plate  is  covered  with  reduce 
copper. 

Whilst  a  metal  is  thus  rendered  elcctro-u^ativc  by  roltaioai 

tion,  it  is  no  longer  liable  to  the  ordtiutry  action  ofclirraical  agent 

v\  bmutifiil  ap|ilication  of  this  principle  was  made  by  Davy  to  tl 

I  ^roi-eiition  of  Uk  coTneooa  q(  \!he  ovQ^et  -doKaj^kon^^A,  C«u,vkV<\  tl 


iROTECTION    OF    COPPER    SHEATIII.VG.  3G1 

1  of  Bca  water.     Copper  is  tlie  material  best  adapted  to  pre- 

t  tlic  timbers  of  the  ship  from   the  attacks  of  marine  insects 

;  animal.i;  but  this  metal,  when   Bubjected,  under  ordi- 

I  circumstancetij  to  the  combined  influence  of  the  salts  dissolved 

1  WBter  and  of  the  atmospheric  air  ^vhich  it  also  holds  in  solu- 

i,  experiences  corrosion,  which  in  the  course  of  a  few  years  ren- 

■"-n  it  necessary  to  renew  the  copper.    It  was,  however,  discovered 

Da^y,  that  by  placing  piccea  of  zinc,  or  of  cast-iron,  in  contact 

itli  the  copper  under  water,  this  corrosion  could  be  prevented ; 

■  ■■]  that  a  surface  of  zinc,  not  exceeding  -pj-o-  of  that  exposed  by 

■  L'opper,  was  adequate  to  the  entire  protection  of  the  copper,  the 
l.ole  of  the  chemical  action  being  transferred  to  the  zinc;  and 
■at  even  when  the  surface  of  zinc  was  reduced  until  it  was  only 
i'lnl  to  TT.Vo  of  that  of  the  copper,  a  considerable  preservative 
i'L'ot  was  experienced.     But  the  very  success  of  the  exiKrimcnt 

I   iu  the  direction  anticipated,  created  difficulties  of  another  kind ; 

I  tutby  matters,  eoLsisting  of  compounds  of  lime  and  ntagiiesia, 
"ftc  deposited  from  the  sea  water  by  the  slow  voltaic  action,  and 
iiT  attached  themselves  to  the  surface  of  the  copper;  weeds  and 
iLlI-fish  found  in  this  deposit  a  congenial  pabulum,  the  bottom  of 
i  II'  ship  became  foul,  the  sailing  cjualities  of  the  vessel  were  ncces- 
rily  impaired,  and  the  system  of  voltaic  protectors  was  aban- 
I'lieri.  Por  some  years  past  a  kind  of  brass,  introduced  by  Mr. 
liuti,  which  admits  of  being  rolled  whilst  hot,  has,  in  the  racr- 
i.iiit  service,  been  largely  and  advantageously  substituted  for 
Ifer  as  n  material  for  ships'  sheathing.  In  this  case  the  zinc 
■il  the  copper  are  combined  in  the  sheet  itself,  which  is  less  rapidly 
irudcd  than  if  composed  of  either  metal  separately.     The  pro- 

■  'live  induence  of  zinc  both  on  copper  and  on  iron  is  readily 
ii«n  by  exposing  bright  bars  of  these  metals  in  separate  vessels, 

■  :lier  in  sea  water  or  in  a  solution  of  common  salt  containing  an 
'i»ce  of  salt  in  each  pint  of  water.  If  a  fragment  of  zinc  be 
i.iclied  to  one  of  the  bars  of  copper  and  to  one  of  the  bars  of 

II,  these  bars  will  remain  bright,  whilst  the  zinc  is  corroded; 

■  i'  t!ie  unprotected  bars  will,  in  a  few  hours,  give  evidence  of  the 
JDCuceDient  of  chemical  action. 

kiiother  remarkable  proof  of  the  dependence  of  tlie  current, 

»  direction  and  its  force,  upon  chemical  action,  is  afforded  by 

latier  in  which  a  voltaic  circuit  may  l>e  proilnced  between 

I  of  which  has  a  stranger  affinity  for   hydrogen 

kbe  other  possesses.     For  example,  wheu  two  clean  plates  of 

a  are  immersed  in  diluted  acid,  and  connected  with  a  gal- 

er,  no  voltaic  action  is  excited ;  \)«t  t\\e  (»ac'\%  ^\'S*it«,"e*.'-5. 
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DE&ECnOX  OF    THE    CURRENT. 

Tuices  be  first  coated  with  a  film  of  some  mctalli 

rs^3-i.t?.  Ha:a  i*  peroxide  of  manganese  (MnOg),  peroxide  of  lea 

.'^'v.-      r  :^r»;:x:de  of  silver  (AgOg).     The  platinum  plate  may  I 

f-i*   vAur»L    ?v  immersing  it  in  a  solution  of  sulphate  of  mangi 

J   :.:r:«ce  A  lead,  or  of  nitrate  of  silver,  and  connecting 

::t:   *E.Lc:uum  side  of  a  weak  voltaic  arrangement  for  a  fe 

■?i.:-.:e>v  *:il1*€  :he  liquid  is  connected  by  a  second  plate  with  tl 

:::v    uu  A  :he   bttCterv :  the  plate  thus  prepared  must  be  w( 

»iie*itu  »:'.:!  iisdiled  water.     If  it  be  then  opposed  to  a  plate 

:'.:ui   *uctuum.  and  immersed  in  any  diluted  acid,  it  will  origina 

.  .'.irreuc  -finch  depends  upon  the  aflBnity  of  the  hydrogen  of  t 

^iuteii  jucid  tor  the  second  equivalent  of  oxygen  in  the  peroxic 

■-•  \  .riitbiuation  of  this  description  the  clean  platinum  becow 

v^tLive,  And  corresponds  to  the  zinc  plate,  whilst  the  coated  p 

i-.ioiu  btx\)uies  negative.     The  coated  plate,  although  negati' 

■t!Li:>  'xx'omes  the  generating  or  active  surface,  and  transmits  t 

.ttrrviic  at  once  to  the  conducting  wire. 

Fziradav  has  shown  that  the  direct  contact  of  dissimilar  met 

m 

*  'lot  necessary  to  the  production  of  the  voltaic  current,  provid 
:iiac  they  are  connected  by  some  liquid  of  sufficient  couducti 
•ortcr.  This  is  a  point  of  considerable  importance,  as  it  sho 
liiL  \  olta*s  theory  of  the  origin  of  the  force,  wliich  is  still  mai 
:imcd  by  many  philosophers  who  have  not  made  the  chemii 
iiLiiouicna  of  the  pile  their  especial  study,  is  deficient  in  accural 

The  following  is  the  simple  experiment,  whi 

-•■v'-  i^;>-  proves  the  point  now  under  discussion:  z,  i 

•j:..^^  185,  is  a  plate  of  zinc,  bent  at  a  right  angl 

r,  a  platinum  plate,  to  which  a  platinum  wire 

attached.     At  a,  a  small  piece  of  blotting  pap 

moistened  with  a  solution  of  starch  and  iodide 

(x>tassium,  is  interposed  between  the    plate 

zinc  by  which  it  is  supported  and  the  platini 

virc  which  rests  upon  it;  no  change  occurs 

the  solution  of  the  iodide  until  the  two  plates  i 

iuuuorsed  in  diluted   nitric  acid ;  but  in  a  f 

»    ,.,,iv    c\t    siioh    immersion,   evidence    of   a   current   in  t 

^  ^v*  v»i  ,'»  :hc  Arrv>w  is  aflbnlcd,  by  the  appearance  of  a   bl 

>vNN  v^v.  uv.  :>'c  i^latinum  wire,  due   to  the  liberation  of  iodi: 

?.  XIV    w  Jv\vr,ii\x!kiuou  of  the  iodide  of  potas*siura  by  the  volfc 

^N^      tVx^/*  ¥ritk  one  Metal  and  two  Liquids.— Yot  \ 
vM»Mfi^w^'t)t  srf  a  voltaic  current,  it  is  further  necessary  that  \ 


ntK  WITH   OKK    MXTAL  AVD   TWO   LIQVIUS. 
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frto  carry  off  tlic  force  generated;  but  it  is  not  necessary  to 
wo  dissimilar  utctals,  provided  that  one  extremity  of  the  metal 
iiun^d  into  a  liquid  capable  of  acting  on  it,  whilst  the  other 
mily  dips  into  a  different  liquid  which  lias  litlle  or  no  action 
ne  metal,  but  which  comraunicatea  freely  with  the  first  liquid. 
Wie,  for  example,  a  tube  bent  into  the  furni  represented  in 
■186,  1.     Place  a  plug  of  tow  in  the  bend;  into  one  limb,  a, 


Ik  solution  of  chloride  of  copper  (Cu  CI),  in  the  other  limb,  b, 

pa  solution  of   common  salt  (NaCl)    (chloride  of  sodium). 

t  the  open  ends  of  the  tube  by  bending  a  atrip  of  copper  so 

Jone  end  of  it  shall  dip  into  the  solution  of  copper  and  the 

I  end  into  the  solution  of  salt.     Crystals  of  copper  will  be 

1  gradually  upon  the  end  of  the  strip  which  is  immersed  in 

petallic  solution,  whilst  the  end  of  the  strip  which  is  immersed 

6  salt  and   water  will   be  slowly  corroded,  and  chloride  of 

r  will  l>e  formed.     The  following  diagram  may  assist  in  es- 

j  this  change : — 

jet  the  symbol  Cu  CI  represent  the  combination  of  chloride  of 

ir,  Na  CI  that  of  chloride  of  sodium,  the  line  at  a  being  used 

t  the  position  of  the  plug  of  tow.     If  No,  i    indicate  the 

■  of  tilings  before  any  change  has  occurred.  No.  a  will  repre- 

e  change  after  the  circuit  is  complete. 

(1.)  Cu  I  cuTi,  ciTci  I  nTci,  nTci  I  Cu 

(3.)  Cu    [    Cu,  cTc^,  CI    I    Na.  CtSI,  cTci'i     | 

Bf  the  atrip  of  copper  be  divided  in  the  middle,  and  the  two 

(be  connected  with  a  galvanometer,  as  shown  in  fig.  186,  z. 

Silt  is  found  to  be  circulating  through  the  apparatus.    A  still 

ir  nrran^mcnt  may  l)e  adopted;  if  a  lottg  6tTa.\ijJat.  twlsa  Vjri 

■'If  full  iritb  diluted  sulphuric  add,  ani  t\xe  tcmavtiJis^  -w^^ 


r 

■ 
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SG-i  becqi'erel's  simple  ciRcnia. 


R  solution  of  sulphate  of  copper,  a  strip  of  copper  plunged  into  it 
nill  be  dissolved  below,  while  an  equal  aiiioiiut  of  copper  nil!  be 
deposited  on  the  upper  estremity  ;  Ironi  the  extreme  iJowueat  sai] 
regularity  of  the  action,  the  metal  will  assume  the  form  of  cry»t»li. 
Becquerel,  by  using  various  liquids  in  the  two  limbs  of  do 
bent  tube  (No.  i)  has  obtained  many  of  the  metaU  cryatalhied  in 
forms  of  great  beauty. 

By  employing  two  dissimilar  metals  in  the  metallic  arc,  u  ft, 
(fig.  iS6,  3)  a  more  powerful  but  equally  regular  action  may  hi 
excited.  If  a  solutiou  of  common  salt  be  placed  in  one  limlj,  i, 
and  a  solution  of  protochloride  of  iron  in  the  other,  a,  wliilst  the 
einc  end  of  a  compouud  arc  of  zinc  and  platiunm  is  plunged  into 
the  first,  and  the  strip  of  platinum  is  immersed  in  the  secxiud  liqaiA, 
tetrahedral  crystals  of  irau  will  in  a  few  days  be  dcjKisiied  upon 
the  platinum.  If  a  Utile  cliloride  of  iron  be  mixed  with  chlQride 
of  zirconium,  aud  substituted  for  the  chloride  of  iron  in  the  Itmli 
a,  plates  of  zirconium  will  be  obtained,  of  a  steel  gray  colour,  and 
which,  by  exposure  to  the  air,  become  oudized  and  fall  to  a  wiaic 
powder. 

Becquerel  has  shown,  that  within  the  strata  of  the  earth  similar 
actions  are  going  on ;  and  11.  W,  Fox  and  others,  by  conDecttng 
by  wires  attached  to  a  galvanometer,  the  surfaces  of  two  coeti- 
guous  loAea  of  metallic  ore,  have  succeeded  in  demonstrating  to 
the  eye  the  existence  of  these  feeble  hut  continuous  currents  whii 
are  probably  the  cause  of  the  accumulation  of  the  different 
in  regular  beds,  and  of  their  beautiful  crystalline  arrangement. 

Other  combinations  may  be  produced,  in  which  the  muti 
action  of  the  two  liquids  originates  the  current,  the  metal  merely' 
acting  as  a  conductor.  Becquerel  was  the  first  to  poiut  out  tbo 
means  of  obtaining  circuits  of  this  description,  of  which  tlie  fol- 
lowing is  a  good  example:— If  a  small  porous  vessel  1«  filial  wilb 
nitric  acid,  and  be  immersed  in  a  second  vessel  containing  a  solu- 
tioD  of  potash,  on  plunging  two  platinum  plates  cwnuected  witll 
the  wires  of  a  galvanometer,  one  into  the  acid,  the  other  into  the* 
alkaline  liquid,  a  steady  current  of  considerable  intensity  viU  htt 
produced,  and  will  be  maintained  for  many  days,  in  a  direction 
passing  from  the  potash  to  the  nitric  acid,  and  thence  returning 
through  the  galvanometer  to  the  alkaline  liquid.  A  still  luorc 
powerful  combination  was  obtained  by  Matteucci  on  substitntbig  ■ 
solution  of  pentasnlphide  of  potassium  for  the  caustic  potash.  Aj 
single  cell  of  this  construction  decam|)oscd  aciduUted  water  if  intflM 
posed  between  the  platinum  wires,  and  on  breukiug  contact  a  di>-^J 
$iact  apark  was  ^icrceptftAe  at  ftvt  bitIuto  ul  >Xit  wa^oiTj  «nco^oi;«j^ 
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'M8TAXCE3  NECESSARY  TO  PRODUCE  A  CtTRBEIT 

isinnect  tTietwo  platinum  wires.  Arrott  {Phil,  Mag.  sxii.  427) 
:  L-  described  a  variety  of  other  cases  of  lliis  kind.    These  actions, 

iifver,  win  be  more  couvcaieotly  studied  in  connexion  with  the 
i.i^Qiieal  eifect3  of  the  voltaic  battery  at  a  future  point  (871). 

^330  a)  The  conditions  necessary  to  the  production  of  a  vol- 
'M'  current  may  be  shortly  recnpitulated  as  follows  :— Though  the 
impact  of  dissimilar  metals  proJuccs  electric  disturbance,  chemical 

■  ;i(in  it)  pecessary  to  propagate  the  voltaic  current.  This  che- 
'li.-.-i!  action  must  be  produced  by  means   of  a  compound   liquid, 

liifh  a  decomposed  in  the  process,  one  of  the  constituents  of  the 
I'lid  entering  into  combination  with  one  of  the  metals.  In  the 
.iti^mi^sion  of  the  voltaic  power,  a  poliirization    of  the   liquid,  as 

ii  ll  as  of  the  solid  portions  of  the  circuit,  la  produced,  and  this 
.•^ariitatiou  of  the  liquid  is  attended  with  the  separation  of  its 
iiitiuuents  into  two  groups,  one   of  which  unites  with  the  posi- 

ii.i- mclal,  whilst  the  other  makes   its   appearance   at  the  same 

I  ■  inient  upon  the  ucgalive  plate.  The  activity  of  the  combina- 
''  lu,  or  its  electro- mo  live  force,  is  greater,  the  greater  the  diffe- 

■  jce  between  the  chemical  affinity  of  the  electro -negative  consti- 
:'!i-t)t  of  the  exciting  liquid  for  the  two  metals  which  are  opposed 
■ '  ric\i  other  in   the   particular   case.     The  relative  size   of  the 

litcs  employed  has  no  iufiueuce  on  the  direction  of  the  current 
'<i>ii^h  is  produced.  Contact  of  two  metals  is  not  necessary  to  the 
iniffuction  of  voltaic  action  :  circuits  may  be  formed  between  one 

II  till  and  two  liquids,  if  the  liquids  be  in  liquid  communication 
uh  each  other,  and  if  their  chemical  affinities  for  the  metal  be 

lii-mual.  It  is  even  possible  to  obtain  a  current  from  the  mutual 
I  ■tion  of  two  dissimilar  liquids,  if  these  liquids  exert  a  chemical 
J'  ;i')ii  upon  each  other,  by  connecting  the  liquids  through  the  iuter- 
(itioti  of  a  metal  upon  which  they  exert  no  chemical  influence, 
-liJ  trhieh  therefore  simply  i>erforms  the  part  of  a  conductor. 

Different  Forms  of  the  Vollidc  Battery. 

[131)  Ciiunteracling  Currents:  Gas  Battery. — We  shall  now 
I  ^uroe  the  consideration  of  those  forma  of  voltaic  combination 
"'licli  arc  the  most  important  iu  practice,  and  in  which,  generally, 
t*ii  dissimilar  metals  are  employed. 

It  has  been  already  stated  that  the  amount  of  force  set  in 
Hellion  in  a  voltaic  arrangement,  licpends  upon  the  difference  bu- 
''H'Gii  the  affinity  of  the  two  metals  for  the  active  principle  or 
•  i^lck  of  the  acid.     Under  circumstances  favourublc  to  the  pro- 

Kstof  a  carrent,  flecom  position  of  the  YuyHi  >hV\Ai,  ti^cv^^i. 'Cb& 
tJw^tjg  occurs  ;  tlie  elements  of  the  ViquvA  ate  "rC^'w^'vai.  V'^wo. 


'    COUSTEHACTINS   C 

each  otlier,  and  tliey  either  combiue  nitli  the  metani 
else  they  accumulate  upou  its  surface,  giving  riae  to  the  coi 
of  the  plates  which  is  often  described  under  the  iiiappropriat 
polarisatioti  of  the  plates  or  electi-odes.  These  adlierin 
stances  oppose  the  voltaic  action  and  enfeeble  it,  owiug 
tcudciicy  of  the  separated  components  of  the  liquid  to  n 
Thus,  M'hen  diluted  sulphuric  acid  is  used,  it  liecunies  a  i 
ratum  to  get  rid  of  the  Iijdrogca  which  adherca  to  the  pla 
aud  produces  a  current  in  the  opposite  direction.  The  ex 
of  this  counter-current  may  lie  rendered  evident  by  coDi 
with  one  end  of  the  wire  of  a  galvanometer,  a  plutiaum 
which  has  been  tluis  opposed  to  a  plate  of  zinc :  on  attad 
the  other  eud  of  the  galvanometer  wire  a  second,  but  clci 
tinum  plate,  and  phiuging  both  into  diluted  acid,  a  power 
flection  of  the  needle  will  be  observed. 

This  observation  has  been  ingeniously  applied  by  Grov 

has  constructed  what  he   terms  a  gas  battery,  by  oppo^ng  i 

covered  with  oxygen  to  the  plate  coated  with  hydrogen,  wl 

the  same  time  he  increaaea  the  surfaces  of  ( 

between  the  platinum  and  the  oxygen  and  hyd 

Fig,  iHy  represents  a  cell  of  tins  battery.     1 

eiats  of  two  tubes,  o  and  h  ;  through  the  ap| 

tremity  of  each  passes  a  platinum  wire,  vhich  i 

into   the   glass,  and   attached  to   a.  platiuatn 

sufficiently  long  to  reach  to  the  bottom  of  the 

The  surfaces  of  these   plates  are  coated  by 

of  voltaic   action   with  finely  divided  platinui 

the  purpose  of  increasing    the  surfacea  of  0 

between  the  metal  and  tlie  gas.     The  tube 

double   the  capacity  of  tlie  tul)e  o.     These 

are  supported  in  llie  vessel  8,  by  the  plug  th 

which  they  pass.     In  order  to  use  the  ap|iB 

the  veBsel   s  is  filled    with    diluted  sulphurH 

and  by  inverting  the  cull,   the  tubes   arc  U) 

lilltrd  with   the  liquid.     The  plates  iu   the  tl 

and   n    arc  then  connected  by  the  mcrcinjf 

at   top   with  the  wires  of  a  voltaic   battery   iu  action,  Bt 

by   the   dceompositioo  of  the  diluted   acid   the   tube  o 

become   filled    with    oxygen,  and    tlie    tube    il    with    hydl 

The  tubes  having  been  thus  tilled,   the  battery   nitcs  ore 

drawn.     If  the  mercury  oups  at    the  tup  of  the  tubes  c 

B    be  now  connected   vvA  \\vt  vvcva.  xA  a.  ^^X-JMrow^tcr,  \ 

ful  Jeflcctioil  of  Uic  nce4\c  w^W  V  vioAucc\.  w\  xc^twA 


:rilajnSJ  tbroiigli  tTie  apparatua  in  tlie  direction  of  tte  arrows, 
':!'  two  gnses  will  gradually  dimiuiali  in  bulk,  and  will  in  a  few 
i;.s  entirely  disappear,  hut  tlic  current  will  be  tnaintaiiied  bo  long 
'  my  portions  of  the  gaaes  remain  iincombined.     By  eonnect- 

■i  S  or  lo  such  cells  in  succession,  so  tliat  the  oxygen  tube  of 
■■■cell  shall  be  connected  with  the  hydrogen  tube  of  the  adjacent 

il,  sparks  may  be  obtained  between  charcoal  points,  and  various 
■niiiical  decompositions  may  Ijc  eflected.  The  polar  chain  by 
■  'licli  these   changes   are   produced,  may  thus  be  represented  by 

ju'iols  :  H,  SO^  indicating  a  molecule  of  diluted  acid,  0  and  H 

['lescntiug  the  disturbing  molecules  of  oxygen  and  hydrogen, 

O    H,  SO,    H,  SO,    H,  SO,    H 


The  brackets  above  the  row  of  ayrabols  are  intended  to  show 
'■■■I-  molecular  arrangement  before  the  circuit  is  completed ;  those 

■  !i(^ath  the  symbols  show  the  action  during   the   passage  of  the 

Since  no  action  occors  in  the  gas  battery  until  metallic  com- 
■iinication  between  the  plates  is  effected,  it  appears  that  tlje  use 
1  tlie  platinum  plates  consists  in  favouring  the  action  by  con- 
■'■Using  the  gases  upon  their  porous  surfaces,  and  in  acting  as  cod- 
;:wtors  of  the  current. 

It  may  indeed  lie  stated  generally,  that  the  accumulation  of 
'  ilicr  of  the  elements  of  the  exciting  liquid  upon  the  metallic 
;■'  Ues  of  a  voltaic  CJmbination,  always  tends  to  produce  a  counter 
'  iirent,  and  therefore  reduces  the  elBcicncy  of  the  combination  to 
:  proportionate  extent.  Hydrogen  is  the  clement  which,  in  the 
iiiiil  mode  of  experiment,  principally  accumulates  upon  the  uega- 
'■ic  plate,  so  that  any  contrivance  by  which  the  adhering  hydrogen 
removed,  exalts  the  energy  of  the  circulating  force,  Tliis  removal 
"  tUe  hydrogen  may  be  effected  by  means  which  act  either  on 
'I'inical  or  on  mechanical  principles.     The  chemical  pruiciple  is 

■  k-  most  perfect.  It  consists  in  arlding  to  the  liquid  a  compound 
■iiich  has   a  tendency   to  unite  with   the   hydrogen;  hence   the 

'  '"■'■gy  of  the  current  is  much  increased  by  mixing  a  little  nitric 
"ill  {II,  NOJ  with  the  exciting  liquid,   comi«ratively   little  Iiy- 

'  '"joii  being  set  free  in  this  case.*     The  same  end  is  attained  by 

"^'liug  to  the  sulphuric  acid,  a  solution  of  some  of  tiie  metallic 
■"'",  such,  for  instance,  as  sulphate  of  copper  (Cu,  SOJ.     Whca 

tbe  action  of  liydrogen  on  nitric  aciil,  peroxido  of  nllrotfttt  OIQ  J, 
toteraw-  rormed,  ihuM:  KO,  KO,  +  H  =  SO.-V-l  HO  ■.  ^jt  A.^Ci.-V 
}A'0,-f-s  EO. 


I 


FtWVIATING  COUNTBIiT 

Bulphatc  of  copper  ib  employed,  metttllic  copper  is  deposiic^  opoi 
the  negative  or  couductiug  plate,  whilst  the  oxygen  and  siilpbi 
scid,  with  which  it  was  prcviousiy  uuited,  cocubiiie  with  the  ziue.' 
A  disadvantage,  however,  is  csperienccd  when  t)ie  liquid  which 
absorbs  the  hydrogen  is  in  coiitHct  i>ith  the  zinc,  and  this  is  par- 
ticularly evidenced  when  sulphate  of  cupper  is  used.  The  siiio 
acta  at  once  on  the  solution  of  copper,  aud  becomes  coated  wiUt 
reduced  copper;  hence  innumerable  small  circuits  are  prodaccd 
betweeu  the  particles  of  zinc  and  tho^e  of  the  reduced  copper, 
which  occasion  a  violeut  discharge  of  hydrogen  from  the  entire 
fiurfiice  of  the  generating  metal,  or  rather  from  the  copper  depo- 
sited upou  it;  but  the  zinc  thus  dissolved  cuntributcs  nothing  to 
the  general  effect  j  it  becomes  merely  a  case  of  locsi!  action  (228), 
This  experiment  with  the  sulphate  of  copper  throws  light  upon 
the  cause  of  the  effervescence  which  takes  place  when  common 
ziuc  is  treated  with  diluted  sulphuric  acid.  Commercial  tt 
nlwaya  contains  lead  and  other  foreign  metals  mixed  with  it 
very  appreciable  quantity  ;  these  act  as  dischargers  to  the  hydl^en, 
aud  give  rise  to  numerous  local  circuits  at  all  points  of  the  surfoot 
of  the  zinc.  Perfectly  pure  aiue  is  dissolved  very  slowly  iu  acid 
for  want  of  these  dischai^ing  points,  but  the  acid  is  not  abeolntety 
without  action  upou  the  metal.  Any  inequality  in  susceptibility 
to  chemieni  action  gives  rise  to  a  curreut  between  two  substanao 
suitably  disposed;  heuce  any  difference  in  density  between  two 
pieces  of  the  same  metal  may  suffice  to  cause  a  current ;  and  a 
piece  of  hammered  zinc  will  generally  act  as  a  couductiug  plate  to 
a  piece  of  ziue  well  annealed.  The  adbcrenue  of  a  film  of  oxide  or 
of  fatty  mutter  to  the  surface  of  one  piece  will  also  cau-se  a  <Uffor- 
ence,  and  hence  two  pieces  of  metal  which  may  even  hare  been 
cut  from  the  same  atrip,  may,  under  certniu  circumstances,  pro- 
duce  a  feeble  curreut. 

The  inc<mvenienec  which  is  occasioned  by  local  action,  when 
nitric  acid  or  sulphate  of  copper  is  mixeil  with  the  liquid  which  il 
iu  contact  with  the  zinc,  may  l)e  avoided  by  the  cmploymeut  of 
porous  diaphragms,  and  if  the  sine  or  generating  plate  be  plunged 
ito  diluted  sulphuric  acid,  whilst  the  platinum  or  cotiductiaj* 
plate  is  made  to  dip  into  the  nitric  aeid  or  into  the  solatioa  of 
iculphate  of  copper,  which  is  separated  from  the  generating  pUts 
ty  a  tube  of  porous  earthenware,  comhtuations  of  great  cifliciciKnr 
are  ubtaiued. 

I2JI)    DanieU's  Batt^y, — These  importaut   Tacts   were 
\carly  enunciatffl    ' "'  T*^--^^      'VS"-- 
euableil  li 


ufliciciK^ 

li 


DAXlELL's    BATTERY.  369 

Iictivity  observed  in  all  the  forms  of  batteries  whicli  up  to  tbat 
period  had  been  devised,  and  they  led  him  to  the  invention  of  an 
MTiwigement  which  not  only  obviated  these  defects,  and  enabled 
bim  to  keep  up  a  current  of  uniform  strength  for  many  hours,  but 
ftlu  furnished  electrical  science  with  a  battery  of  far  greater  ac- 
tirity  for  its  size  than  any  which  had 
;  ri'vioualy  been  used.     Fig.  188  exhibits  Fio.  l88, 

.  section  of  one  of  the  cells  of  Daniell's 
iFiibination.  The  outer  case,  c,  con- 
i-ts  of  ft  cell,  or  cylinder  of  copper, 
>liich  is  constructed  so  as  to  retain 
juids,  and  is  Riled  with  a  solutiou  of 
iljjhate  of  copper,  b,  acidulated  with 
ii  eighth  of  its  bulk  of  sulphuric  acid. 
riio  solution  is  kept  saturated  with  the 
:J[  by  means  of  crystals  of  sulphate  of 
'i[i[>er,  D,  which  rest  upon  the  perfo- 
'.ited  shelf,  f.     In  the  axis  of  the  cell  is 

;  ai:e«l  A  tube  of  porous  earthenware,  e,  filled  with  an  acid  solu- 

■lOLi,  *,  which  consists  of  i  part  of  oil  of  vitriol  diluted  with  7  parts 

^^^vnter.     A  rod  of  amalgamated  zinc,  z,  is  placed  in  this  tube. 

^^^B  mainug  a  metallic  communication  between  the  zinc  rod  and 

^^B  copper  cell,  a  voltaic  current  is  established  ;  and  by  employing 

^^^etity  or  thirty  cells  of  this  description,  always  connecting  the  zinc 

'■''  one  cell  with  the  copper  of  the  next,  a   combination   of  great 

i^iwer  is  obtained. 

The  following  diagram  may  serve  to  explain  the  manner  in  whic'i 
ihe  force  is  transmitted  through  the  cells: — the  diluted  sulphuric 
icid  may  be  regarded  as  a  compound   of  hydrogen  with  sulphur 
I  oxygen,  and  is  represented   as   H,  SO^ :  whilst  sulphate  of 
fier  may  be  looked   upon  as  a  compound  of  copper  with   the 
[  compound  of  sidphur  aud   oxygen,  and  is  indicated  by  the 
\  Cu,  SOj,     Let  the  brackets  above  the  row  of  symbols  re- 
!st  the  connexion  of  the  particles  which  compose  the  liquid 
e  contact  is  made  between  the  plates  Cu  and  Zn  at  the  ends. 
B  klteration    in  the  molecular  arrangement  of  the  liquid  which 
■8  after  the  connexion  is  made  between  the  copper  and  the  ziuc, 
le  represented  bv  the  altered  position  of  the  brackets  beneath  ; 
t  A,  which  divides  the  symbols  of  the   siUphute  of  copper 
e  of  tlie  sulphuric  acid,  in  this  case  represents  the  porous 


I  870  daniell's  batteev. 

The  result  of  the  action  is,  that  so  lung  as  the  contact  l}etireeu 
the  plates  is  maiutaiued,  sulphate  of  zinc  is  formed  naintcrniptedly 
1  the  porous  tube,  whilat  a  coutiuual  deposit  of  a  currcspouding 
qiiantitj  of  metallic  copper  takes  place  upon  the  internal  surfttcenT 
the  copper  cylinder.     Fig.  189  showsa  convenient  and  inexpenure 


form  of  Daniell's  battery.  The  solution  of  sulphate  of  copper  ii 
contained  iu  glass  or  earthenware  jars  7  inches  deep,  and  34  inchei' 
in  diameter.  The  copper  plates  consist  merely  of  rectangulu 
sheets  of  copper,  one  of  which  is  repreaeuted  at  a  ;  they  ar«  beiil. 
into  a  cylindrical  shape  and  placed  in  the  jars.  By  mciins  of  ibe 
strip  b,  each  plate  is  easily  connected  with  the  zinc  rod  of  the  ad- 
jacent cell,  and  made  fast  to  it  by  the  binding  screw  c.  Tbfl 
cohinder,  for  the  support  of  the  crystals  of  suli»hate  of  copper,  reti 
U|»n  three  or  four  little  pieces  of  copper,  whicli  are  made  to  proji 
innards  upon  the  sheet,  at  a  suitable  height  as  shown  at  d.  At 
several  cells  of  the  battery  are  represented  as  arranged  in  a  coi 
seoutive  series,  Twenty  such  cells  compose  a  battery  adequate 
the  performance  of  almost  any  experiments  on  the  chemical 
position  of  l>odics  in  solution. 

It  Is  essential  in  mounting  a  voltaic  arrangement  of  any 
that  the  surfaces  of  contact  between  the  metals  he  perfectly  clean 
a  film  of  oxide  will  materially  impede   the  trtuismission  of  tbt' 
current,  and  if  the   force  in  circulation  I>e  feeble,  it   may 
arrest   it   altogether.     As  a  precaution,  it  is   better  before 
ucctiiig  the  difi'erent  parts  of  the  apparatus,  to  pass  a  file  or  a  pteo« 
of  omciy  pHper  over  all   the  surfaces  of  the  copper,  the  riitc,  or 
the  other  oxidizable  metals  which  are  to  be  placed  iu  contact  tritll 
Cftch  other.     Surfaces  of  platinum,  if  well  washed  nud  dried,  ia 
uot  need  frietiou  with  emery  paper. 

fjjj)  Grove's  Nitric  Acid  Battery.~-t\xe  nitric  acid  bnttar/,' 
(roQtrircd  liy  Grove,  is  a  bl\\\  mott  "pnvitrfiA  c»n^i>£QkiLwwL 


ITE  S    NITRIC    ACW 

:  Da- 

!!'».      It    fiot)»ste   of 

-lip  orpUtiiintn,  p,  fig. 

,:,    vbich   is   plutiged 

:!'j  tlie  i>orous  tube,  ^ 

I  this  is  filled  up  with 
-iluted     nitric     acid. 

II  outer  cell,  a,  is  filled 
"ii)i  diluted  8ut|jliurii 
:cid,  and  iu  this  acid  i: 
pUrtxl    B   flat    sheet   of 

gmalgatnated    sine,    7. ;    )x?nt    so    as   to  iufold    the  porous  tube. 
ll;i-  »cid  liquid  ia  s  may  be   convenieutly  made   of  I     measure  of 

.  of  vitriol  diluteil  with  4  measures  of  water.     This  combiQatloa 

'  -euts  in  a  small  compass  the  principal  desiderata  for  attaining 

■■.■■\i«e  voltaic  action.      Platinum  is  the  least  liable  of  the   metals 

I  liemical  action,  whilst  amongst  the  metals  that  admit  of  being 

-ily  wrought,  zinc  is  the  oue  which  is  most  readily  attacked  by 

lU  ;  couscqueiitly  the  opjiositioii  of  platinum  to  zinc  furuishes  a 

-t  effective  voltaic  combiuatioii ;  whilst  nitric  acid  absorbs  iritli 

-e  the  hydrogen  liberated-ou  the  platiuum,  and  thus  forms  water 

aud  ]>ero.^ide  of  nitrogen,  which  remain   iu   solution  in  the  uude- 

□>nipoi»ed  acid ;- the  resulting  liquid  constitutes  one   of  the  mos.t 

perfect  of  liquid  couductors.     If  NO^,  0  in  the  following  diagram 

i^reteut  nitric  acid,  and  H,  SO,  diluted  sulphuric  acid,  Pt   the 

platinum    plato,  and  Zu  the  zinc  one,  the  molecular  arrangement 

will  be  indicated  before  the  actiou  by  the  position  of  the  brackets 

re,  aud  ftfter  the  action  by  the  position  of  those  below. 

Pt  NO^O     I     hTsO^  hTsO,  Zq 

iPitli  a  battery  of  ten  such  cells,  5  inches  high  and  2^  inches 
],  a  large  nuralier  of  brilliant  experiments  may  be  performed, 
I  four  or  five  cells  are  generally  sufficient  for  most  purposes  of 
diemical  decom position.  If  oil  of  vitriol  be  mixed  with 
It  nitric  acid  io  the  parous  cells  in  the  proportion  of  about  equal 
tnensunni,  a  current  ia  thus  ubtainetl,  the  strength  of  which  is  mure 
tmiform  thtui  when  mtric  acid  ouly  is  used  (Callan). 

With  a  Ticw  to  economy,  Bunsen  substitutes  for  the  platinum 
pUtcs  in  Grove's  battery,  cylinders  of  carbon,  prepared  by  heating 
togctlier  a  mixture  of  powdered  coke  aud  caking  coal,  or  powdered 
coke  moistened  with  a  strong  solution  of  sugar,  k.  firm  tolvweas. 
P  w  tha»  obtained.      Cjliudera    made  o£  lV\s  Ti\BA,cr\A  TWi^-hia 


J 


JiM9  WIB^S   BXTTEXnaif 


af  porous,  tlie  oarboo  absorljs  thl 

inpkira  the  surface   of  cout&ct 

■  tke  hard  carbon  from  tlie  gas 

m  M  into  the  form  of  plates.     Poggeuilorff 

jcB]  has  employed  plates  either  of  sheet 

i  q£  either  platinum  or  carbou  ;  iu  strong 

ttaacted  on ;  but   if  the  acid  bccone 

gravity  of  1*35,  or   less,  it  is  liable  to 

Dticoutrollable  violeuce.     No  combiiiatJou 

■,  ia  union  with  convenience  of  working 

the  same  degree  as  that  proposed  by 

bovever,  to  place  the  nitric  acid  batter; 

acid   (nhich  are   copiously  evolved 

It  after  tiie  battery  lias  been  iu  use  for 

into  the   open  air ;  as   they  would 

lode  the  operator. 

of  obviating  the  counteracting  agency  of 

e  plate  of  the  battery  ia  less  perfect,  and 

It  was  first  practically  ap]ilied  by 

of  the  voltaic  battery.      Hydrogen  ad- 

of  platinum  aud  other  metals  with  con. 

off  with  ease  from  their  asperities  and 

their  points  and  irregularities,  as,  for  ex> 

of  metal  on  the  surface  in  a  pulveruleat 

-:  *  •Jfc.'  s«s  is  much  facilitated.     Smee  employs  u 

-wMwroug  plate  iu  his  battery,  a   plate   of  ailver, 

..^lA  kaa  bum  roughened  by  the  dcitositiou  of  tinel/ 

M»  tfoa  tta  surface  ;  cacli   side   of  the   silver   plato 

ft  fkXe  of  ziuc  well  amalgamated,  and  of  equal 

ft  «»  the  positive  plate.     This  pair  (if  plates  Is 

«rd3ated  sulphuric  acid.     Fig.  ri^i   reprc(«u(9 

Fi&.  191. 


)   THE   VOLTAIC    CUKREXT. 

f  amstructcd  upon   Smee's   principle ;  a  thin   platinized 
r  [ilate  is  supported  in    a  light   frame   of  wood,  as  shown  de- 
1  at  8;  to  the  upper  part  of  this   frame   a   hi  tiding- screw,  in 
allic  connexion  with  the  silver)  is  fastened,  for  the  purpose  of 
meeting  the  plate  with  the  ziuc  plates  of  the  adjoining  cell,  by 
ID8  of  a  strip  of  sheet  copper  bent  as  at  c  ;  on  either  side  of 
B  •iUer  plate  a  sheet  of  amalgamated  zinc,  z,  z,  is  supported  by 
a  damp  shown  at  b  ;  the  zinc  plates  are  prevented  from  contact 
I  the  silver  plate  by  means  of  the  wooden  frame,  and  they  are 
connected  with  the  silver  of  the  adjacent  cell  by  a  second  binding- 
screw  in  the  clamp  shown  at  b ;  the  separate  plates  are  attached 
to  a  wooden  frame,  and  being  counterpoised  by  weights,  as  indi- 
i  ited  in  the  figure,  can  be  lowered  into  the  trough  of  acid  when 
iiuted  for  use,  or  can  be  withdrawn  from  it  when  the  experiment 
■>-    over.     The  trough   is  divided  into  separate  cells  or  conipart- 
iLuts  for  each  pair  of  plates,  by  glass  partitions  rendered  watcr- 
^ht  by  a  resinous  cement. 

(235)  Reaislancea  to  the  Voltaic  Current. — The  amount  of 
force  which  circulates  in  any  given  circuit  is  not  dependent  solely 
upon  tlie  energy  of  the  chemical  action  which  is  exerted  between 
the  generating  metal  and  the  exciting  liquid.  The  current  expe- 
riences a  retardation  or  a  resistance  from  the  very  conductors  by 
which  its  influence  is  transmitted;  just  as  in  the  transmission  of 
tnecbaiiical  force,  the  intervention  of  the  pivots  and  levers  which 
are  required  for  its  conveyance  introduces  additional  friction  and 
additional  weight,  whicli  require  to  be  overcome  or  moved,  and 
— vliicb  thus  diminish  the  efBcient  power  of  the  machine. 

The  resistance  to  the  voltaic  current  may  be  considered  aa  of 

>  kinds — first,  that  resistance   which  arises  from  the  exciting 

[aid  employed  in  the  voltaic  cell  itself;  and  secondly,  that  which 

s  from  the  conducting  wire  and  apparatus  exterior  to  the  voltaic 

In  a  large  number  of  cases  the  resistance  offered  by  the 

pting  liquid  ia  by  much  the  most  considerable,  and  it  is  inse- 

pble  from  the  combinatiou  ;  whilst  the  second  source  of  resist- 

t,  or  that  which  is  exterior  to  the  cell,  can   be  increased  or 

trinished  at  pleasure,  and  by  the  employment  of  very  short  and 

iliick  wires  for  connecting  the  plates,  can   be  virtually  removed 

altogether  or  annihilated.    It  will  be  advisable  to  consider  first  the 

r-ienutniice  produced  by  the  liquid  in  the  active  cell  itself. 

If  plates  of  equal  size  be  taken,  the  resistance  occasioned  by 

b  liquid  increases  directly  as  the  distance  between  the  plates ; 

B  longer  the  column  of  imperfectly  conducting  matter  which  the 

5  has  to  traverse,  the  greater  is  the  diflSculty  which  it  will  ex- 
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'  perience.  If  two  plates  be  immersed  in  acid  at  the  distance  of  on 
inch  asunder,  ihcy  will  praduce  1 2  times  tlie  efiect  that  they  would 
occaaioa  at  the  distance  of  a  foot  from  each  other.  On  the  otbei 
hand,  the  larger  the  area  of  the  plates  that  are  immereed,  the  lew 
is  the  resistance.  For  example,  if  a  pair  of  platen,  i  inch  broad 
and  12  inches  long,  he  immersed  in  acid  to  the  depth  of  1  in  A, 
only,  the  current  produced  will  only  be  equal  to  one-twelfth  of  that 
which  would  he  obtained  by  immersing  each  plate  for  its  whole 
depth  of  1 2  inches  in  the  liquid.  The  resistance  of  the  liquid  it 
therefore  directly  as  the  distance  between  the  platen,  and  inverecly 
ns  the  surface  of  the  plates  exposed  to  its  action.  A  pair  of  plates 
exposing  each  a  square  inch  of  surface,  immersed  in  acid  at  a  di»- 
tance  of  i  inch  apart,  will  consequently  produce  an  effect  equal  t© 
that  whicii  would  be  obtained  from  a  pair  of  plates  which  esdi 
( xposed  a  surface  of  1 1  square  inch^  to  the  action  of  the  liquid, 
if  they  were  12  inchca  apart. 

A  case  somewhat  analogoas  is  offered  when   water  la  tran^ 
mitted  through  pipes.     The  greater  tlic  length  of  the   pipe, 
more  considerable  will  be  the  friction  and  the  consequent  resti 
auce  to  the  passage  of  the  liquid ;  whilst  the  larger  the  area  of  thi 
pipe  the  more  readily  will  the  water  escape.     An  aperture  wlii 
exposes  a  sectional  area  of  two  square  inches  will  allow  twice 
much  water  to  escape  from  it  in   a   given   time  as  au  aperture 
which  the  superficial  area  ia  bnt  a  single  square  inch. 

If  the  two  plates  are  of  unequal  size,  but  are  immersed  parall 
to  each  other,  they  may,  for  most  practical  purposes,  be  calcuUti 
ns  each  exposing  a  surface  equal  to  the  mean  surface  of  the  two^l 
Other  circumstances  independent  of  the  extent  of  surface  exposed 
by  the  plates,  and  the  distance  between  Uiem,  materially  inflaeoce 
the  resistance  of  different  liquids  to  the  current.     Any  cauw  that 
favours  chemical  action  between  the  active  metal  and   the  liquid, 
or  which  diminishes  the  force  by  which  the  elements  of  the  HqiiiH 
arc  unitcfl,  sucb  as  clevaUon  of  temperature,  diminishes   the  to- 
KJtLtitacc  of  tbc  liquid.     In  roost  eases  an  increa»e  in  the  ooncsn-  ' 
tration  of  the  solution,  provided  its  strength  be  nut  no  great  w  to  1 
rvudvr  deposition  of  crystals  liable  bo  occur,  diminishca  the  rem- 
taiice  (i43].    The  current  likewise  experiences  a  specific  rvviftanve 
in  each  liquid  which  depends  upon  tlie  force  with  which  its  par* 
tielcft  are  united  together. 

Similar,  bnt   dintinct   resistance,  thongh    to  a   low   extent,  ia 
uffered  by  the  metallic  part  of  the  circuit.     Ilowover  good  ita 

InKKfiictiu);  power  may  \>e,  it  n.\<fra^«  o^bw  «u>m«  oVfeVtwctwu  (o  the 
tot.     Tiio  lougor  the  mte  (saiv\o5"»\.  ^^'^  Et«A^_t  v.  *w  »b&^ 
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eulty  experienced  by  tlie  force  in  traversing  it.  The  resistance  of 
tach  metal,  like  that  of  each  liquid,  is  specific.  Copper  and 
»iirer,  for  instance,  when  wires  of  equal  thirkncas  and  length  an- 
compared,  offer  far  less  resistance  to  a  given  amount  of  force  than 
le«  perfect  conductors,  such  as  iron  and  lead.  Experiment  has 
demonstrated  that  with  metallic  conductors  the  same  law  holds 
good  aa  with  liquids — viz.,  that  the  conducting  power  is  inversely 
n  the  length  of  the  wire,  and  directly  as  the  area  of  its  section. 
In  cj-lindrical  wires  this  sectional  area  will  of  course  vary  as  the 
jiiare  of  the  diameter  of  the  wire;  for  instance,  a  wire  ^Vth  of 
II  inch  in  thickness  will  for  equal  lengths  offer  four  times  the 
itsastAnce  of  a  wire  T*i,th3  or  |th  of  an  inch  thick.  If  wires  of 
the  same  metal,  and  of  equal  lengths,  be  compared,  the  resistance 
will  vary  inversely  as  the  weights  of  the  wires. 

In  the  experiment  with  sulphate  of  copper  (fig.  1S4),  the 
.::''tal  ia  deposited  in  greatest  quantity  where  the  force  is  most 
: '  :idily  transmitted— viz.,  in  those  points  which  are  nearest  to  the 
.u)c,  and  where  the  resistance  oS'ered  by  the  liquid,  which  here 
!  jrms  the  thinnest  layer,  is  consequently  the  least. 

A  rod  of  sine  supported  within  a  cylinder  of  copper  forms  a 
courenient  arrangement  of  the  generating  and  conducting  plates, 
se,  when  such  a  rod  is  placed  in  the  axis  of  the  cylinder,  the 
evenly  distributed  over  the  whole  surface  of  the  copper. 
(ajS)  Difference  between  a  Simple  and  a  Compound  Circuit. — 
e  obscn'ations  hitherto  made  have  referred  to  eases  in  which 
My  a  single  pair  of  metals  is  employed.  It  will  be  necessary 
r  to  consider  in  what  way  the  results  are  modified  by  the  em- 
ait  of  several  pairs  of  plates.  It  has  already  been  stated, 
J  speaking  of  the  electricity  developed  by  friction,  that  when 
irlarge  supply  of  electricity  is  needed,  it  may  he  obtained  with 
1  effect  either  from  a  single  Leyden  jar  which  exposes  a  large 
!0t  of  coated  surface,  or  from  a  number  of  smaller  jars  which 
^tlier  expose  the  same  amount  of  coated  surface,  all  the  inner 
mir&ccs  of  the  small  jars  being  in  metallic  communication  with 
eaeb  otlicr,  but  insulated  from  the  outer  coatings,  all  of  which 
rise  are  connected  by  some  good  eonductiiig  material  (20^). 
^"Biinihtr  result  is  also  obtained  in  voltaic  arrangements.  Pro- 
1  that  the  plates  expose  the  same  extent  of  surface  and  be 
t  at  an  equal  distance  apart,  it  matters  not  whether  they  be 
lened  in  s  single  vessel  of  liquid,  or  whether  tbcy  be  cut  up 
D  strips  and  be  immersed  in  pairs  in  separate  vessels  of  the 
tatae  liquid.  The  oniy  requisite  is  that  a,\\  \\ve  TJvwii  •^BKeSi  ^^ 
be  coanccted  tc^etber  by  atout   metallic   w\tCR,  mA  "Oaa.^  »!^  "^"^ 
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ou.  e  -i^ailaiiv  connected  by  other  vires.  No 
z;.ii  semlic  oommuaication  between  one  of  the 
.  ::•:  xic  piates  is  effected  hj  means  of  a  con. 
:..ii  ae  Thole  force  of  the  united  plates  will 
i-.:::ii  me. 

^t    :e  jxhibited  to  the  eye  in  a  form  of  battery 
■£ra.    *uived  from   each   platinum  plate  admits 
of  being  collected — a  contrivance  pro- 
posed by  Daniell,   which  he  called  a 
ditsected  battery.     Fig.  192  shows  the 
manner  of  mounting  one  of  these  cells. 
When  in  use  the  cells  are  charged  with 
diluted   sulphuric   acid,  and    a    small 
graduated   jar,   b,    filled    with    dilute 
acid,  is  inverted  in  each  of  the  cells 
over  the  platinum  plate,  p,  in  such  a 
manner    as   to   receive  the  hydrogen 
which  is  disengaged  during  the  opera* 
tion.     The  plates  of  such  a  battery  can 
easily  be  connected  so   that    all   the 
plates  of  zinc,  2,  shall   be  united  by 
conducting  wires,  and  all  the  platinum 
plates  ill  a  similar  way  by  other  wires ; 
;>,  ?e»diness  be  united  so  that  the  zinc  of  one 
.•I   '«-.:h  the  platinum  of  the  following  cell. 
Suppose,    for    instance, 
-^:  two  plates  (z  and  p,  fig. 

193),   one  of  zinc,  the 
other  of  platinum,  each 
six    inches    square,    be 
immersed  in  a  vessel  of 
sulphuric  acid,  at  a  dis- 
tance of  an  inch  apart. 
,..-^;  tLw.ut  of  power  will  be  obtained  on  cou- 
-  .^.i>  -■ '  — «ns  of  a  wire,  w,  and  in  five  minutes  a 
"     "  .....  ;c  «-.U  be  dissolved,  whilst  a  corresponding 

.    ^  y,,,  ris.  •;■.!  escape  from  the  platinum.     N'ow  if 
.,    ,_.._,  iK  'x-  «ch  cut  into  strips  of  an  inch  broad 
"    "'"    *    ^   _^.,     wu  lie  wreral  pairs  of  zinc  and  platinum 
...  ^»   '\,^,^^  „  s«*a»  TtMcls  of  diluted  sulphuric  acid  at 
^  **\^,"'  ^  ^  uci'^-m  ««*  other,  and  if,  as  in  fig.  1 94,  all 
***  L^   .^jn^yjtjA  \»^  ■■itet.  waA  »,Ll  the  platinum 
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!,  B»  sIiotFii  at  w,  the  same  amount  of  power  will  traverse  the 
i  ia  the  first  combioatiouj  aiid  the  quantity  of  ziac  dissolved 
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[  plates  taken  together  will  in  five  minutes  be  the  same 
t  which  was  dissolved  from  the  single  zinc  surface  in  the 
t  arrangement ;  whilst  the  quantity  of  hydrogen  gas  which  wilt 
rise  from  all  the  six  plates  of  platinum  together  will  be  equal  to 
that  obtained  from  the  single  plate  in  the  former  experiment 
(fig.  193).  Such  a  combination,  in  whichever  of  the  forms  just 
described  it  be  employed,  may  be  regarded  as  a  smgle  pair  of 
pta:es,  and  it  constitutca  a  simple  voltaic  circuil. 

By  acting  upon  extensive  surfaces  arranged  in  simple  circuits, 
:!.:■  quantity  of  electricity  which  can  be  thrown  into  circulation  is 
■■  [?rr  large,  thongb  its  intensity,  that  is  to  say,  its  power  of  over- 
roming  resistances,  is  comparatively  small. 

The  results  would,  however,  be  altered  if,  instead  of  connect- 
ing the  divided  plates  together  in  the  manner  represented  in  fig. 
194,  they  were  connected  as  in  fig.  195,  in  which  the  zinc  in  each 

Fio.  195. 


cell  is  supposed  to  he  connected  with  the  platinum  plate  of  the 
adjacent  cell,  in  regular  order  through  the  series.  Wlien  the 
extreme  plates  are  connected  by  a  thick  wire,  w,  the  amount  of 
force  which  traverses  this  wire  in  a  given  time  is  equal  only  to  one- 
sixth  of  the  force  which  was  thrown  into  circulation  in  the  former 
imtancca ;  but  the  quantity  of  zinc  dissolved  in  the  six  cells  taken 
togetlier  is  the  same  as  before :  and  if  the  hydrogen  be  collected 
from  ttie  six  platiuum  plates,  the  quantity  will  still  be  equal  to 
that  disengaged  in  the  experiments  shown  in  tigs.  193  and  194. 
'I'lie  cvrreut  has  now  to  traverse  each  ccU  of  t\ve  \\t\w\ft.  '\w  wviw;*^ 
J.J,  and  tliua  has  to  encounter  a  great  &dditiouu\  TcsvsXs.'O-'i^-    ^*^"^ 
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now  the  power  starts  from  six  separate  points  of  origin,  aria 
of  these  separate  points  adds  its  energy  or  impulse  in  driving  for-l 
ward  tlie  current.  Tlie  electro-motive  force  is  increased  Bixfotil, 
whilst  the  resistance  of  the  liquid  is  increased  still  more  ;  in  the 
first  place  it  is  increased  sixfold,  from  the  circiunstaucc  that  the 
length  of  the  column  of  liquid  which  must  be  traversed,  is  six 
times  as  great,  and  it  is  next  further  increased  sixfold  hy  a  propor- 
tionate diminution  in  the  breadth  of  the  column.  In  the  arrange'' 
mcnt  of  fig,  193  there  was  a  column  of  liquid  six  inches  wide  and 
one  inch  thick  to  be  traversed  j  whilst  iu  the  arraugemeut  of  fig. 
195  there  is  a  liquid  columo  six  inches  tliick  and  ouly  one  inch 
wide  to  be  traversed.  When  the  plates  arc  arranged  in  separate 
compartments,  and  are  connected  together  alternately,  as  in  6g. 
195.  they  constitute  a  compound  voltaic  circuit.  Volta's  pile  (fig- 
180}  and  his  crown  of  cups  (fig.  181)  are  therefore  compound 
circuits,  and  it  is  this  form  of  combination  which  enabled  him 
obtain  results  so  much  superior  to  those  of  any  previous  experi- 
menter. The  electricity  in  this  case  is  not  greater  in  quantity  thai 
that  obtainable  from  a  simple  circuit ;  nay,  it  is  ofteu  much  lew 
but  it  lias  a  much  higher  intensity,  and  its  power  of  uvcrcomiDj 
resistances  is  very  much  greater,  as  a  fiirther  examinatiou  wi! 
show.  If,  for  example,  50  or  lor.  miles  of  wire,  such  as  is  uted 
for  telegraphic  purposes,  be  introduced  in  a  combination  arranged, 
as  in  fig.  194,  as  a  simple  circuit,  the  effect  obtained  would 
very  materially  less  than  if  the  same  plates  were  arranged  in  tl 
form  of  a  compound  circuit,  as  shown  in  fig.  195. 

(337)  Ohn's  TJieory. — These  considerations  may  he  much 
plified,  hy  representing  the  mutual  action  of  the  electro- luotiTe 
forces  and  the  resistances  of  any  circuit,  simple  or  compmiod,  in. 
the  form  of  a  fraction,  in  the  way  proposed  by  Ohm. 

It  has  been  fouud  by  experiment  that  the  power  of 
bination  is  directly  proportioned  to  the  electro-motive  force, 
chemical  energy  between  the  active  metal  and  one  of  the  dctnei 
of  the  liquid  upon  which  it  arte  ;  and  inversely  proportional  to 
resistances  to  be  overcome.  The  numerator  of  the  fraction 
therefore  be  represented  hy  E,  the  electro -motive  force,  and 
denominator  hy  B  +  r  ;  where  R  represents  the  resistance  in  the  eel 
or  the  battery,  (due  chiefly  to  the  afliuity  between  the  elemeoU 
the  liquid  for  each  other,)  and  r  all  resistances  exterior  to  the  cdl 
or  the  battery,  such  as  the  connecting  wire :  thus  tlic  cxprcaston 
^^=A,  would  represent  the  effect  of  any  combination  where  A 
indiattea  tlie  amount  oS  Iotm  waWA^  va  (itwiaxviwi,  vbctl 
mcAsured  by  its  healing  or  \j5  \te  moisvvtrtAt  >.^»:tf(&.    \1*or 
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mg  wire  be  very  tliicfe,  bo  as  to  offer  little  or  no  resistance  to  the 
current,  r  becomes  evanescent,  and  the  Traction  assumes  the  form  of 
l=--i ;  the  force  of  the  current  nnder  these  circarastances  is  pro- 
IKirtionol  to  the  surface  of  the  plates  exposed  to  the  action  of  tbe 
liquid. 

Let  it  be  assumed  for  example, —  that  E=i,  and  that  fl=i, 
when  a  pair  of  zinc  and  platmuin  plates  an  inch  broad  and  sii 
inches  long  is  immersed  in  dilute  a^id  at  the  distance  of  one 
inch  asunder;  so  that  under  these  circumstances,  ^=i  =  i.  If  a 
pair  of  plates,  six  inches  broad  and  six  inchea  long,  also  at  a  dia> 
lauce  of  one  inch  apart,  be  immersed  in  the  same  acid,  since  the 
li^siatance  is  inversely  as  the  surface  of  the  plates  immersed,  the 

M  1 

faction  becomes    «_   or   _i_  =6;  or  the  power  ie  increased  sixfold, 

■  compared  with  the  former.  If  the  plates  be  each  cut  into  six 
-i^ilar  strips,  and  be  then  arranged  in  pairs,  as  represented  in  fig. 
1  94,  the  same  fraction  still  represents  the  result,  since  the  relative 

:  /e  and  distance  of  the  plates  remain  unchanged  ;  but  if  the  plates 

■  arranged  in  succession,  bo  as  to  produce  a  compound  circuit,  aa 
'  ^S-  '95'  ^''^  fraction  becomes  ^=|=:i; thcelectro-motiveforce 
-  iucreased  sixfold,  but  the  resistance  is  increased  also  in  exactly  the 
.line  proportion.  The  force  which  under  these  circumstances 
irculates  through   the   con nectiug  wire  is  not  greater  than  if  a 

-.ugle  cell  only  containing  a  pair  of  plates  one  iuch  broad  and  six 
iches  long  were  employed. 

But  suppose  now  that  several  miles  of  wire,  such  as  are  etn- 
qred  in  telegraphic  communication,  he  introduced  into  the  two 
inations   severally   rc^jresented  in  figs,  194,  and    195;  r  now 
1  importance ; — let  the  resistance  be  twentyfold  greater  than 
t  of  the  liquid  in  each  cell.     In  the  first  case  (with  the  simple 

s    _     I 
irit),  the  fraction  becomes  x  ^  ^     t^^^=0'o49;  '»  ^'"^  second 

!  compound   circuit),  the   fraction  is  i,^^^^= j-7-gi = °"  ^3  '■    *o 

t  altbough  in  both  cases  the  resistance  introduced  most  mate- 

f  diminishes  the  amount  of  force  which  enters  into  circulation, 

B  power  in  the  compound  circuit  is  now  five  times  as  great  as 

tit  which  emanates   under   these  circumstances  from  the  simple 

Indeed,  in  all  cases  where  great  resistances  external  to 

*Tie  bnttery  have  to  be  overcome,  a  compoimd  battery  has  a  great 

1  tnntage  over  the  simple  circuit.* 
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(338)  Chemical  DecmnposiHon. — It  is  iinporttiiit  to  i 
that  the  force  which  circulates  through  each  cell  in  ft  compouti 
circuit  is  not  increased  by  the  arrangement,  if  the  i 
between  its  extremities  be  naade  by  means  of  a  good  cotidudoi 
if,  for  example,  50  similar  and  equal  cells  be  connected  i 
sion,  and  be  united  by  a  stout  short  wire,  the  quantity  of  lii 
which  would  be  dissolved  in  a  given  time  in  each  of  these  eel 
would  not  be  greater  than  that  which  would  be  coiisurood  in 
single  cell  of  the  same  si^e  in  the  same  time,  if  the  plates  nhic 
compose  it  were  connected  by  a  short  thick  wire. 

The  power  of  a  compound  circuit  is  shown  in  a  strikii 
manner,  when  some  liquid  such  as  diluted  sulphuric  acid  is  inlti 
posed  in  the  course  of  the  conducting  wire.  The  experimetii 
which  elucidate  this  point  may  he  instructively  performed  by  n 
of  the  dissected  battery.     If  a  pair  of  platinum  plates,  a,  b,  fig,  19* 


be  immersed  in  the  acid  conducting  liquid  at  b,  and  connect 
with  the  wires  proceeding  from  the  compound  circuit  in  the  msnt 
represented  in  the  figure,  the  liquid  will  be  decomposed,  0 
will  be  given  off  from  one  plate,  a,  and  will  rise  in  the  tube 
whilst  hydrogen  will  be  given  off  from  the  other  plate,  A,  and  n 
be  collected  in  the  tube  H  :  but  if  the  same  cells  be  arranged  « 
simple  circuit,  fig.  1 94,  no  such  effect  is  produced.  By  the  int 
duction  of  the  liquid  conductor  at  b,  the  resiBtance  is  very  grc« 

Let  a  =  iho  distance  bytwei-n  the  iiktea. 
„    S  =  the  area  of  tLe  plates. 
„    I    ■=  the  leogth  of  the  conductinfE  wire. 
„    #    =  the  area  of  a  section  of  the  wire. 
The  fraction  wliieh  representa  the  action  of  a  compoitnii  balt<TT  when 
extremities  are  eonnccteil  by  means  of  a  metallic  wire  of  unilbrm  ili       '  ' 
the  following:  iD~T^  =ji.    In  this  expression  ^  is  enbatiluteJ  for  S, 
resistance  in  each  cell  of  the  InUerj^  to  which  it  ii  equivalent  1 
directly  as  the  distance  Victwccn  ilic  ^XaVes,  «A  Wi«n*\^  v« 
turCace,  while  7  represeats  r. 
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1,'Siteh  a  resistancG  being  more  considerable  tliaii  that  of 

■;  miles  of  wire.     But  tbia  is  not  all :  besides  tbia  resistance, 

Sew  counteracting  electro-motive  force  shows  itself,  which  gives 

"rise  to  a  current  operating  in  a  directioa   the  reverse  of  that  in 

the  liatterj.     This  force  is  due  to  the  oxygen  and  hydrogen  which 

are  ecparuted  njion  the  platinum    plates,  and  which,  as  has  been 

ciplained  when  speaking  of  the  gas  battery  (231),  is  very  consider- 

ahle.     Experiment  shows  that  it  is  between  two  and  three  times  as 

[tiiwerfal  as  the  electro- motive  force  of  a  pair  of  zinc  and  platinum 

plates  excited  by   dilnted  sulphuric  acid.     When,   therefore,  the 

endeavour  is  made  to  decompose  the  diluted  acid  by  a  siugle  pair 

of  line  and   platinum   plates,  however  large   a  surface  they  mav 

present  to  the  action   of  the   exciting  liquid,  no  visible  action  in 

the  cell   B   ensues;    a  momentary   decomposition,    too  small    in 

nmoiiut  to   be  perceived   by  the  eye,  produces  a  development  of 

■irygen  and  hydrogen  upon  the  two  platinum  plates,  a,  b,  auffi- 

I'.Nit   to   Oppose  an  effectual  barrier  to  the  transmission  of  the 

irrent,      Even  when  two  pairs  of  zinc  and  platinum  are  used,  the 

icrgy  of  the  current  ia  insufficient  to  effect  any  visible  decorajK)- 

litm  :  with  three  pairs,  a  few  bubbles  of  gas  show   themselves; 

id   with   a  more   numerous   series,  the  effects   increase  rapidly  ; 

■  'i  at  length  a  point  is  gained,  beyond  which  no  advantage  is 
'icaiued  by  increasing  the  number  of  cells  in  the  battery. 

It  ia  particularly  worthy  of  remark  that  in  every  vertical  sec- 
tion of  any  voltaic  circuit  at  a  given  instant,  the  quantity  of  force 
whieli  traverses  it  is  uniform :  consequently,  the  same  quantity  of 
hydrogen  makes  its  appearance  upon  the  plate  b  of  the  cell  b, 
wliicU  contains  the  liquid  for  decomposition,  as  is  disengaged  and 
collected  during  the  same  interval  from  each  plate  iu  the  battery 
tt-elf.     If  each  zinc  plate  of  the    battery  be   weighed  before  tlie 

■  \]ierinieut  is  begun  and  after  it  is  concluded,  it  will  be  found  that 
'  irli  plate  has  lost  weight  to  an  equal  extent.  The  interposition 
"I  the  liquid  at  b,  may  occasion  a  great  reduction  in  the  amount 

1'  |>offer  which  is  thrown  into  circulation ;  but  at  every  transverse 
iition  of  the  battery,  the  power  that  does  circulate  is  uniform  iu 
^uanUty ;  and  the  measurement  of  the  chemical  action,  whether  it 
V  estimated  by  the  qtiantlty  of  gas  which  is  evolved  at  any  one 
isf,  or  by  the  quautity  of  zinc  which  ia  dissolved,  may  be  em- 
Red  as  a  sure  indication  of  the  quautity  of  power  in  circulation  : 
fUher  words,  retardation  of  the  current  by  the  liquid  conductor 
S8arily  attended  with  an  equal  retardation  iu  the  conducting 
1^  and  in  each  cell  of  the  battery  itself. 
%(3jS  a)  7%e   I'oUameler. — The  foregoing  jm^oiXaaS.  \b."«    ■«»9- 
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discovered   by   Faraday.     As  one   of  its    consequences   lie  wa 
enabled  to  employ  a  decomposing  cell,  such  as  is  shown  at  b,  fig. 
196,  as  a  measure  of  the    voltaic  power  of  any  circuit:  saeb  u 
iustrumeiit  is  called  a  Vollameter.     For  each  327  grains  of  liue 
dissolved  in  any  one   cell   of  the    battery,  9  grains    of  water  are 
,   decomposed  in   the  voltameter,  and  4156  cubic  inches  of  hydrogeo 
,  or  1  grain,  aud  ay^  cubic  iuches  of  oxygen  or  8  graius,  at  60^  F. 
I  and  30  iuches  Bar.,  are  evolved  upon  its  plates ;  at  the  same  time 
466    cubic  incbee  of 
**'  '^''  hydrogen   are  evolral 

from  every  platinam 
plate  in  the  celb  of 
the  battery.  A  more 
convenient  form  td 
voltameter  is  stomi 
in  fig.  197.  It  con- 
sists of  an  upright  glin 
cell,  to  the  ueck  rf 
which  a  bent  tube,  r, 
for  the  conveyance  nf 
the  disengaged  gases,  is  fitted  by  grinding;  the  vessel  is  till«d 
with  diluted  sulphuric  acid ;  a,  b,  are  the  two  platinum  pUtei^ 
each  of  which  is  connected  by  a  wire  which  passes  tlurough  tlie 
foot  of  the  instrument,  to  a  mercury  cup,  by  meaua  of  whtcli 
communication  cau  be  made  with  the  wires  which  convey 
the  cun-eut  from  the  battery ;  osygeu  aud  the  hydrogen  are  libe* 
rated  by  the  action  of  the  current  upon  the  acidulated  water,  both 
gases  then  rise  to  the  surface  of  the  liquid,  and  are  conveyed 
the  bent  tube,  c,  to  the  graduated  jar,  d,  which  stands  ii 
pneumatic  trough. 

It  is  to  Ik  observed  that  the  action  of  a  simple  zinc  and  pt 
tlnum  battery  is  not  steady;  it  gradually  declines,  and  before  t 
acid  has  become  saturatetl  with  o.\ide  of  zinc,  the  current  alrafw 
ceases.  On  breaking  the  contact  of  the  conducting  wire  with  1 
two  ends  of  the  battery,  and  allowing  it  to  remain  disconnected 
a  few  minutes,  the  action  is  partially  restored;  but  it  again  g 
dually  decliuea  after  the  circuit  has  been  completed.  Tlicse  eifert 
were  traced  by  Daniell  to  the  action  of  the  current  upon  t 
sulphate  of  zinc,  which  is  formed  in  each  cell  of  the  batte 
during  the  operation ;  the  zinc  salt  is  decomjmsed  in  the  mani 
shown  in  the  subjoined  diagram,  iu  which  Zu,  SO^  reprewutd  t 
sulphate  of  zinc,  and  P  and  Zn  the  platinum  and  zinc  platcK 
the  cell.      The  bracVcts  i^Vacci  sXwnc  \iie  svis^viV  \siiJ,ab)UQ 
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imugoniciit  of  tiie   particles  before   the  current    passes ;  those 
below  ?liow  the  cbftDge  produced  by  the  voltaic  actiou  ; — 

P    Z^'SO^    ZiTsO,    Za. 

In  this  manner  metallic  zinc  becomes  reduced  or  dei>o»ited 
upon  each  platinum  plate,  and  the  power  of  the  battery  is  arrested 
when  the  two  surfaces  which  are  opposed  become  virtually  ainc 
tod  ziuc  iuetead  of  platinum  and  zinc.  This  evil  may  be  obviated 
bjr  interposing  a  porous  diaphragm  between  the  two  platea,  as  in 
the  batteries  of  Daniell  and  of  Grove  (232,  233)  ;  in  these  cases 
»  rafficieut  communication  by  means  of  liquid  ia  still  kept  up 
between  the  zinc  and  the  copper  or  the  ptatiuum  plates,  through 
Ibe  pores  of  the  diaphragm,  but  the  sulphate  of  zinc  is  prevented 
from  mining  with  the  liquid  which  ia  in  contact  with  the  copper 
■!■  [tie  platiQum. 

(339)  Furl/ur  Application  0/  Ohm'g  Theojy,~Mi  the  pheno- 

■ua  of  compound  circuits   admit   of   ready  calculation  by  the 

;  [ilicnlion   of  Ohm's   principle ;  for  instance,  if  n  represent  the 

;iiLibcr  of  the  plates,  the  expression  for  any  compouud  series,  the 

^U  of  wliich  are   siaiilar  in   nature  and  equal  in  size,  becomes 

'J-j=-4;  since  iu  each  cell  not  only  is   a  new   electro- motive 

Hcc  introduced,  but  at  the  same  time  a  new  resistance.  Provided 

it   the  exterior   resistance   is  such   as   would   be  offered  by  a 

. -ittllic  wire  which  may  even  be  many  miles  iu  length,  it  is  possible 

I  ctly  to   double  the  amount  of  force  in  circulation  by  doubling 

1    number  of  cells,  if  at  the  same  time  the  size  of  the  plates  be 

ibled;   for  CK*^~= -*J~.     But  if,  instead  of  introducing  a 

'.re  as  the  exterior  resistance,  a  voltameter  bo  employed  to  mca- 

irc  the  power  in  circulation,  when  the  number  of  cells  is  doubled 

;d  the  surface  of  the  plates   also  is  doubled,  the  force  measured 

'    the  voltameter  is  not  found  to  be  doubled,  as  might  naturally 

i'e  been  expected ;    this   difference    arises    from    the    counter 

irrcnt  which  ia  produced  in  the  voltameter  itself,  by  the  aeeumu- 

^lation  of  the  oxygen  and   lijdrogen  upon   its   plates.      Call  this 

^^^bktcr  cmrent  e,  and  the  formula  becomes  ,7-^—- 

^^^RTbe  values  both  of  e,  (the  counter  current  offered  by  the  volta- 

^^^Hu:,)  and  r,  which,  if  short   thicic  condnetiiig  wires  be  used,  is 

'     Tirttially   tlic  resistance  of  the  voltameter  itself,   may    be    very 

Ki|ily  catimated  in   the   way   proposed    by   Wheatstone,     This 

^^"ugliud  consists  in  camparing   two   experimenU  \u  "nVw^v,  \X\>!. 
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r,  in  the  formula,  the  values  for 
^«Q«nnient,  the  results   for  any  given 
';  and  on  comparing  the  values 
^^^         rith  the  numbers   furnished  by 
^    -ispEsi  -^*'-  Trans.,  1842,  p.  146)  obtained 
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jf  rf  the  plates  of  the  voltameter  neces- 
^      ^    *3cunc  cc  wsistance  which  it  offers  to  the  current, 
■^'^  '  ^  ^  3i»  c&ange  in  the  voltameter  is  most  percep- 
rv  ATBSKring  of  a  few  plates  which  expose  a 


^j    - 


js*  "*"*'~    ,.^  '•'tfjjaxntions  will  render  it   evident   that  no 

**   '         ^  X  ii««  ^o  ^^®   question,  ^  WTiat  number  of 

-*  *  *"   "  MfsfTT  oxisaun  in  order  that  it  may  produce  the 

^^  ^^'*'l''     V     rif  cacviio-motive  force,  E,  varies  in  amount 

:^»-=^  '  .  ji  l*S*sy  •J^*^  **  ^^^^  9  *^^  values  for  R  and  r 
-a  *  *  ^^  J^  varring  circumstances  of  the  experiment. 
i  ^^  *^  i^ycT  JBftient  arrangement  requires  the  employ- 
>  •"'^^^  ^i^bcr  of  cdls  in  order  to  obtain  from  it  the 
^  A  ''^  _i^  «^  Vftil  eB^ditvur^  of  zvoc.     This  number 
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with  tfae  same  form  of  battery,  according  to  the 
battery  plates,  the  length  of  wire  in  the  circuit,  and  the 
liquid  conductor  in  the  decomposing  cell.  It  may 
ited,  however,  as  a  general  principle,  that  the  most  advan> 
effect  is  obtained  when  the  value  of  A,  in  the  formula 
■,=A,  most  nearly  approaches  05,  E  and  S  each  bcing=l  : 
!r  words,  the  advantage  is  greatest  when  the  exterior  resis- 
-viz.,  those  of  the  conducting  wire  and  voltameter  together, 
al  to  the  snm  of  the  resistances  due  to  the  battery  itself : 
therefore  be  concluded  that  when  the  exterior  resistance 
>,  as  usually  occurs  wlien  the  circuit  is  metallic  and  not 
great  leiigth,  little  or  nothing  is  gaiued  by  employing  a 
number  of  cells ;  two  or  three  plates  of  large  surface  being 
under  Buch  circumstances ;  but  that  where  a  considerable 
lical  resistance  is  to  be  ovei-come,  power  is  gained  by  employ- 
ing &  series,  numerous  in  proportion  to  the  resistance  so  intro- 
duced. In  no  case,  however,  is  it  possible  by  the  use  of  a  scries 
uf  plates  of  uniform  dimensions,  even  if  of  unlimited  number,  to 
pndaee  iu  any  transverse  section,  such  as  an  included  voltameter, 
■  chemical  action  greater  in  amount  than  that  which  would  occar 
io  a  single  cell  of  the  arrangement  in  which  the  circuit  was  com- 
pleted by  a  stout  metallic  wire. 

(140)  IVheatttone's  Rheostat  and  Resistance  Coils. — Guided  by 
the  principles  which  have  just  been  explained,  Wheatstone  con- 
trived an  apparatus  termed  the  Rheostat,  by  which  measured 
amounts  of  resistance  may  be  introduced  into  the  voltaic  circuit : 
if  the  ctlcct  which  such  added  resistance  has  upon  the  amount  of 
■ii(^  current  in  circulation  lie  measured,  the  different  values  of  E, 
"■,  aud  r  in  difi'ercnt  arrangements,  may  be  deduced  by  a  simple 
ilculation.  The  rheostat  is  represented  in  fig.  198:  g  is  a 
iliudcr  of  well  baked  wood,  i\  inch  in  diameter  and  6  inches  in 
.  ri^h  :  it  turns  easily  upon  a  horizontal  axis  ;  on  this  cylinder 
.  i'piral  groove  is  cut,  the  thread  of  which  contains  40  turns  to  the 
ich.  This  groove  runs  from  one  end  of  the  cylinder  to  the  other, 
ijii  in  it  is  coiled  a  brass  wire  7-0-?  mcb  in  diameter;  A  is  a  brass 
y  lindor,  placed  parallel  to  g,  and  equal  to  it  in  diameter ;  the 
III  wire  upou  y  is  connected  at  the  cud  i  with  a  brass  ring,  and 
:  the  other  extremity  is  attached  to  the  cylinder.  A.-  at  i  is  a 
'Uillic  spring,  one  end  of  which  is  connected  with  a  binding -screw, 
ij<i  tlic  other  end  of  which  rests  against  the  brass  ring,  and  ell'ccts 
'■  I'.'  commuuieatiou  with  one  wire  of  the  battery :  m  is  a  moveable 
y,  by  which  the  wire  can  be  wound  upon  the  bto^  csVi-fticTjOt 
I   tnuiaferriiig  the  key  to  the  axis  of  g,  it  ca3i\ie  \iw«ii\i.vi.\  ^tova.U» 
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to  tlie  wooden  cylinder,  g.     In  consequence  d 
qoalitj*   of  dry  wood,  the  coils  of  wire  on  tlia 


» 


vaodM  cjGader  ue  insulated  from  each  other,  so  that  the  cunent 
taamatm  the  whole  length  of  the  wire  coiled  upon  this  cylindec 
iMk  ikv  eoS*  act  being  insulated  from  eacli  other  on  the  lint 
i^riilldtt^  the  cuTRot  immediately  passes  from  the  point  of  contai 
ti»  ite  bnsa  spfin;  kt  1,  which  is  iu  commuiiication  with  the  otbi 
<■«(  frm»  the  WttaT'.  A  scale  is  placed  between  the  ta 
KifJiaAm^  fix  the  conTrDicnoe  of  counting  tlie  numher  of  coili 
iMtWMMl.  ukI  the  fricUous  of  a  turn  are  read  off  upon  a  graduatei 
^■m)^  «hich  B  tnTOsed  by  an  index  attached,  as  shown  in  tbi 
^pDt^  Bi  th#  aus  of  the  eyiinder,  g. 

VlhiMbfcHM  lakes  as  bia  standard  of  resistance,  the  resistance 
MTtJlirrl  bjf  ft  ci'PP'i'  vif^  >  foot  of  which  weighs  exactly  loo 
fHM»i  ife»  dwacter  is  0-071  of  an  inch.  It  is  sometimes  ueces. 
iM*«  V  W  >hlr  Id  iatioduce  an  amount  of  re»istauco  into  a  cucait 
'tMi  CBB  be  effected  by  means  of  the  rheostaL  For 
M  MMicfiKre  Coib,  shown  at  d,  fig.  1 98,  arc  eoi' 
niib  wr  composed  of  fine  copper  wire,  ^^^th  of 
r,  ourrfully  insulated  by  covering  them  with. 
^m  -tt  th*  cwU  are  30  feet  iu  length,  the  others,  100,  31 
3^  fc<t  kmp.  The  cuds  of  each  coil  are  attached 
L^  Mff^  i«d  to  (be  upper  faces  of  the  cylinders,  whi 
all  the  coils  into  one  continued  length  of  j 
rires  proccwi  from  tlie  extremities  of  the  coils, 
•ittd  to  the  circuit.  On  the  ujipcu-  hee  li 
.-.I'^i;  lira«»  spring,  movctible  muud  a  oentK^ 
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--^  Tie  removed  from  them  at  pleasure.  When  the  spring  rests 
■:i  the  wires,  the  current  posses  through  the  spring  instead  of 
'.iigh  the  coil ;  but  whcu  the  spring  rests  upon  the  wood,  the 
■  rent  must  pass  through  the  eoil.      In  the  figure,  aJI  the  springs 

shown  as  resting  upon  the  wires;  in  this  case  none  of  the 
-  are  included  in  the  eircuit,  but  by  turning  the  spring  of  any 
;icular  coil,   50,    100,   200,  or  400  yards  of  wire  can,  in  a 

iient,  be  introduced  into  tlie  circuit. 

The  following  is  Wheatstone's  description  of  his  method  of 
^Ttaining  the  sum  of  the  electro-motive  forces,  in  any  voltaic 

iiit  or  circuits: — 

■  In  two  circuits  producing  equal  electro- motive  (or  voltaic) 
vis,  the  sum  of  the  electro-motive  forces  divided  by  the  sum  of 

ri^siatances  is  a  constant  quantity;  i.e.,  f=^:  if  ^  and  R  be 
[lortionately  increased  or  diminished  ji  will  obviously  remain 

lianged.  Knowing,  therefore,  the  proportion  of  resistances  in 
'  circuits  producing  the  same  effect,  we  are  able  immediately  to 
'  r  that  of  the  electro -motive  forces.     But,  as  it  is  difficult  in 

ly  cases  to  determine  the  total  resistance,  consisting  of  the 
•'aa\  resistances  of  the  rkeomolor  [or  voltaic  combination]  itself, 

tnilva  no  meter,  the  rheoslat,  &c.,  I  have  recourse  to  the  fol- 
u[ig  simple  process.     Increasing  the  resistance    of   the   first 

iiit  by  a  known  quantity,  r,  the  expression  becomes  5-?— ■  In 
;  T  that  the  effect  in  the  second  circuit  shall  be  rendered  equal 
tins,  it  is  evident  that  the  added  resistance  must  be  multiplied 

ihe  same  factor  as  that  by  whicli  the  electro-motive  forces  and 
uic  original  resistances  are  multiplied;  for  j-^^^^X^T^'  '^'"^ 
relations  of  the  length  of  the  added  resistances  r,  and  n  r,  whicli 
sre  known  immediately,  give  therefore  those  of  the  electro-motive 
.<«s.'— (PAi/.  Trans.,  1843,  p.  313.) 

Suppose,  for  example,  it  be  desired  to  compare  the  electro- 
•uve  force  obtained  from  a  single  pair  of  zinc  and  copper  plates 
"lie  of  Daniell's  cells,  with  that  of  two  pairs  of  the  same  com- 
iiitiou,  the  following  will  be  the  mode  of  conducting  the  cxperi- 
!it: — InteriK)se  the  rheostat  (fig.  198)  and  the  galvanometer,  a, 
tlie  circuit  obtained  from  the  single  cell,  c  ;  then,  by  coiling  or 

"filing  the  wire  of  the  rheostat,  bring  the  needle  exactly  to  45°, 

\t  wicoil  the  wire  of  the   rheostat,  and  count  the  number  of 

lit  roqnired  to  bring  the  needle  to  40°.     Suppose  35  turns  are 

/lired :  this  nnmbcr  of  turns  may  be  taken   to   represent  the 
'  'iro-rootive  force  of  the  combination.     Now  introduce  the  t-nci 
''''■■-.  arranged  as  a  compound  circuit,  inslcaii  oi  'i\\fe  4iv^e  t'SC*. 
Briag  the  uceclle  as  heforc  to  45°,  mlev^oftm^  vvtie  o^  ■ww.x'i 
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of  the  resUtance  coils  at  d,  if  ueeded,  hy  tuniiDg  the  spring  npoo 
the  wood  of  the  reels,  and  complete  the  adjustment  by  coilmg  or 
uncoiliug  the  wire  of  the  rheostat.  Again  uncoil  the  wire  of  ibe 
rheostat  until  the  galvanometer  needle  stands  at  40*.  SctcbIJ 
turns,  or  twice  the  numher  previously  required  to  produce  till* 
effect,  will  now  he  needed.  The  electro- motive  foreea  in  the  two 
caeea  are  therefore  as  55  to  70,  or  as  t  :  3.  If  ineteail  of  UTWig- 
ing  the  two  cells  as  a  compound  circuit  the  siuc  plate  be  coo* 
UGcted  with  the  other  zinc  plate  and  the  copper  with  the  copper, 
so  as  to  form  a  single  circuit,  it  would  have  required  the  interp^ 
sitiou  of  a  greater  resistance  to  reduce  the  needle  to  45**  to  slirt 
with  than  when  one  coil  only  was  used ;  but  only  3^5  turns  of  tW 
rheostat  would  be  needed  to  bring  the  needle  down  to  40*^ 
last  experimeut  shows  that  the  electro-motive  force  is  uot  dtcnd] 
by  increasing  or  diminishing  the  size  of  the  plates. 

The  electro- motive  power  of  any  combination  mav  by  meuuef 
this  arrangement  be  compared  with  any  one  selected  as  a  stuiulard: 
it  WHS  in  this  way  that  the  results  on  the  comi^arisou  of  the  ekctio- 
motive  efl'ccts  of  platinum,  zinc  and  potassium  (128)  were  obtauM;>l> 

Processes  of  Vallaic  Discharge. 

{241)  Having  now  reriewed  the  principal  circiimetances  wliidi 
influence  or  esalt  tlie  activity  of  the  voltaic  battery,  wc  may  pn>> 
ceed  to  examine  the  phenomena  which  arc  manifested  when  k 
powerful  combination  la  brought  into  action  by  conuectiiig  ita 
opposite  extremities.  Voltaic  action  is  exhibited  only  during  tlie 
process  of  discharge,  for  the  current  is  a  continuous  succession  of 
discharges  of  the  electricity  developed  and  maititoined  by  the  con- 
tact and  chemical  action  of  the  materials  employed  in  tike  con* 
structioQ  of  the  battery.  The  disdtarge  of  the  voltaic  bottoy 
may,  like  that  of  the  ordinary  machine,  be  considered  nndor  three 
heads — viz.,  the  discharge  by  conduction,  as  when  the  circnit  is 
completed  by  a  wire  or  other  good  solid  conductor;  the  diachaigB 
by  disruption,  in  which  case  a  luminous  apjiearaoce  is  exhilHted 
through  a  short  interval  of  non-conducting  matter;  and  the  A»- 
charge  by  convection,  which  tnkes  place  in  liquids,  and  ii  accom-' 
paiiied  by  chemical  action  and  trau&fcrcucc  of  the  particles  of  tlM, 
conductor. 

(242)  Conduction. — In  all  cases  where  cJcctridty  is  in  ^)ottot^ : 
whether  it  ho  elicited  by  chemicid  action,  as  in  tlic  voltaic  pili^  _ 
by  friction,  as  in  the  common  electrical  macltine,  the  force  is  eon- ' 
rrycd  by  the  entire  thicVLoeas  of  the  conductor ;  the  charge 
conSnni  to  the  aurtacc,  us  oocat*  mXitiv  *wa  yiiHac  Sa 
Attd  iffoduccs effects  Vjw^^^**^^?:    \ix^'as^Wjj 


is  well  M  in  tlie  luomciitary  discliarge  of  the  Leydi 
,  by  far  tlie  greater  portion  of  the  inductiou  occurs  betweeu 
■ans»erBe  section  of  tlie  conductor  and  the  adjacent  sections 
sdiately  before  and  behind  it ;  and  but  a  small  proportion  of 
pnduction,  Bufficieut  however  to  be  distinctly  manifest,  is 
1  to  surrounding  objects.  By  reducing  the  thickness  or 
r  of  the  conducting  material,  a  large  quantity  of  the  force 
1  to  traverse  a  given  number  of  conducting  particles  in 
3  time,  and  a  great  elevation  of  temperature  is  tUua  pro- 
The  heat  may  rise  sufficiently  high  to  cause  ignition  of 
,  and  this  ignition  may  be  produced  at  any  point  of  the 
so  as  to  produce  the  explosion  of  a  charge  of  gunpowder 
E  in  the  depths  of  the  ocean,  or  buried  within  the  recesses  of 
;  the  operations  of  blasting  may  thus  be  made  to  assume 
%^egree  of  certainty  and  of  safety  hitherto  unattained  by  other 
Deans,  since  the  moment  at  which  the  discharge  shall  take  place 
la  absolutely  under  control. 

Elevation  of  temperature  diminishes  the  conducting  power  of 
the  netaU :  a  good  experimental  proof  of  this  fact  is  afforded  by 
tnuismittiog  through  a  platinum  wire,  a  voltaic  current  of  sufficient 
power  to  raise  the  wire  to  a  dull  red  heat ;  and  whilst  the  current 
still  passing,  igniting  a  loop  of  the  wire  iu  the  flame  of  a  spirit 
!:iip;  the  temperature  of  the  other  part  immediately  falls,  owing 
■ '  the  diminislied  amount  of  electricity  which  traverses  it,  in  eon- 
i|i]ence  of  the  increased  resistance  offered  to  the  passage  of  the 
'  iirent  by  the  strongly  ignited  part  of  the  wire.     If  a  loop  of  the 
re  be  cooled  by  immersion  in  water,  the  opposite  effect  is  pro- 
ceed i  for  in  this  ease  the  reduction  of  temperature  at  one  point 
iicihles  a  larger  quantity  of  electricity  to  pass  through  the  wire, 
■liich  may  thus  be  raised  to  a  heat  approaching  its  point  of  fusion. 
The  conducting  power  of  the  different   metals  for  electricity 
■  riea  nearly  in  the  same  order  as  their  power  of  condnctiug  heat ; 
::  it  is  remarkable  that  charcoal,  though  so  bad  a  conductor  of 
i:at,  trausmita  electricity  with  great  facility.     The  measurement 
the  conducting  power  of  solids  and  of  liquids  for  electricity  has 
.  cupicd   the  attention  of  many  of  the  moat  distinguished  philo- 
[her*.     An  ingenious  method  was  proposed  many  years  ago  by 
-i  rquerel,  who  constructed  a  differential  gahanaiwkr,  iu   which 
-':'■  needles  were  surrounded    by  two  insulated  copper   wires  of 
i^iJ  lcui;th  and  diameter;  they  were  coiled  in  the  usual  way,  and 
•  :\aeA  two  independent  circuits,  so  that  the    galvanometer  had 
ir    terminations  instead    of   two.     "When   two    perfectly  equal 
irrenu  were  transmitted,   one   through   each    wire  iu   opposite 
^f^&  fiflftly  flfintralizfrd.  eack  olkei  "v&i  \Imk.  ^StsSi  "a.^^^ 


^den  " 
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the  needle,  which    therefore  reniaiued    sttttioniirj' ;   hat  if  ^ 
current  preponderated,  a  corresponding  deviation  of  the  ocrdle  w 
occasioued.     To  use  the  iDstrumeiit,  a  small  voltaic  combinatioal 
waa  connected  with    the   galvanometer,  two    wires  passing  fnmil 
each  pole,  so  as  to  divide  the   current  into  two    exactly   equi 
portions,  one  being  transmitted  through  one  of  the  coils,  the  otbcf 
through  the  second  coil  in  the  opposite  directiou.     Wires  of  the  1 
dilTerent  metals   were  then  introduced  into  the  two  circuits.     If  ] 
into  either  circuit  a  conductor  of  inferior  power  were  introdut 
the  current  in  that  circuit  was  proportionately  diminished,  and  i 
needle  was  disturbed ;  but   the  e<]nilibrium  could  be   restored  t 
iucreasing  or  diminishing  the  length  of  one  of  the   wires ; 
by   comparing   the  lengths   of  the    two   wires   thus   introilui 
their  relative  conducting  power  coidd  be  inferred.     By  mcaoi 
this  instrument,  conjoined  with  the  use  of  Wheatstone^s  rheosta^l 
Ed,  Becqucrel  was  enabled  to  measure  the  conducting  power  of  a 
number  of  wires  of  different  metals,  with  precision  {Ann,  de  Cftimit, 
III.  xvii.  266).     The  relative  conducting  powers  of  the  wires  wa 
obtained  by  ascertaining  the  lengths   of  the  rheostat  wire,  whicU 
was  required  to  restore  the   equilibrium,  when  wires  of  difTerenll 
metals  were  employed.     In  fig.  199  is  exhibited  the  orrangemenN 

Fio.  11)9. 


adopted  in  these  experiments,     g  is  the  difiereutial  galvauometet 
with  its  four  wires,  1  and  3  being  the  terminations  of  one  coil,  3 
and  4  those  of  the  other  coil ;  h,  a  voltaic  pair ;  b,  the  rheostat  f 
and  v,  the  metallic  wire,  the   resistance  of  which   is   to  be  tae»~  j 
sured.     This  wire  is  stretched  and  insulated  between  two  binding  I 
clumps,  A  and  it ;  s  s,  is  a  copper  scale   with  linear   sulidivisions  ' 
for  measuring  the  length  of  the  wire  which  is  included  iu  the  eir- 
cuit ;  i>  is  a  sliding  clamp  of  copper,  which  can  be  made  to  more 
n  cither  direction  along  the  scale  s,  and  cmi  he  connfclctl  with  ■ 
I  at  any  desired  point,  by  the  clamp  at  n.     Suppose  tlie  r 

'  1  certain  length  of  iv  is  to  be  measured.     TIic  current  iW»m  ■ 
ivirfcd  into  two  porlioTia  m>  as  lo  %c5vA  each  la  Qi>^>osite  dire 
i  through  the  galvftnomtlct.     Oaa  WX"!  o^  vV^i  Wvws^  i: 

-'nrriiiiiiiir^iiiii 
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i"C  of  the  wire,  v>;  the  otlier  half  is  transmitted  tLroiigli  the 
.  Lostat,  ill  the  direction  shown  by  the  arrows.  By  coiling  or 
-iicoiling  the  wire  of  the  rheostat,  the  two  circuits  are  reudered 
oactjj-  equal,  so  that  the  needle  of  the  galvanometer  shall  stand 
•t  o".  Kow,  if  D  be  undamped,  and  it  be  caused  to  slide  throngh 
*  definite  diKtance,  say  twelve  inches  towards  b,  the  equilibrium  of 
t!ic  galt-anometer  will  be  destroyed;  since  the  resistance  in  w  is 
ii»Tcii*ed,  whilst  that  in  the  rheostat  remains  unaltered ;  but  by 
micoiling  the  wire  of  the  rheostat,  additional  resistance  can  bft 
introduced  into  the  circuit  of  which  it  forms  a  part ;  the  equilibrium 
may  tlius  be  again  restored,  and  the  resistance  of  twelve  inches  of 
»  will  he  gi''^Uj  ^J  counting  the  number  of  coils  of  the  rheostat 
required.  The  comparative  resistances  of  any  number  of  different 
wires  introduced  at  w  may  thus  be  readily  ascertained. 

The  following  table  exhibits  the  conducting  power  of  wires  of 
'  ijual  length  and  diameter  of  various  metals  as  determined  by  this 
;  I'H-ess.     The  mercury  was  placed  in  a  glass  tube  of  uniform  dia- 


Conduclir^  Power  nf  Metals  for  Electricity.  [E.  Becquerel.) 


Aij.'-F. 

Al.i.'F. 

At.i.«F. 

LoMMTMOt. 

ai].^r.^_,.° 

s..„.U,» 

8a.^.u.,= 

Silrer 

Sff": : : : : : 

Csdnuam 

Zino 

Tin 

Iron 

L.«d 

I'latioum 

ilercnry 

64960 
34-579 
34063 
14014 

71-316 
64-919 

48-4«9 
17-506 

8-387 

6'6R8 
'■575 

91030 
67-991 

'4'S47 

34'673 

;;:;is 

8078 

9'378 

3'3D8 

28-7 
39-1 

25'4 

38-8 
36-9 
383 
3=a 
307 
•5-7 
9'4 

These  metals  were  carefully  purified  and  well  annealed.  It 
was  found  that  annealed  metals  conducted  better  than  those  which 
had  not  undergone  this  process.  The  effect  even  of  a  moderate 
clcralion  of  temperature  in  reducing  the  conducting  power  is  very 
cunsiderable,  as  will  be  evident  by  inspecting  the  second  column 
of  figures  in  the  table  ;  though  the  amount  of  this  reduction  bears 
DO  nuiform  proportion  to  the  conducting  power  at  32°,  as  will  be 
«ecn  by  examining  the  third  column  ;  the  maximum  effect  is  pro- 
duced in  the  case  of  tin ;  in  this  metal,  if  the  conducting  power 
at  32°  he  16,  it  will  be  10  at  aia".* 


•  Profc»»or  WipnUtono,  in  his  paper  slrendy  c\ieit.Pliil,  Traiii.,\%i;^. 
tniuw  a  Tcry  mmple  plaa  of  nieusurina  melaWic  TwmVwicfe*  V-?  ™> 
ih/ioeot  of  aa  orJuiar/  galvanometer.     The  whole  ^ave'  ^^  ''^  ■»*itOo.'S 


CONOrCTION. 


■  ■Mtii 


'^     •jtuieanc  TOwer  of  each  metal  be  taken  to  be  lOO 

r     xf'-^  .jtomn  rf  figmres  will  show  the  diminution  in 

at. •  '•cr  -riiica  ^ch  metal  experiences  by  a  rise  of  tem- 

"r     "ttS      .     "J  11  •' . 

^     :liu.    3U  uI  :fae  metals  continued  to  decrease  in  con- 
?     »    ^anperature   rose  to    400®,  and  Dr.  Robinson 
«*     :is    aminutifxi  continued  as  they  were  raised  pro- 
::«       .  .^n  jid  eren  to  a  white  heat. 

.-'114.  Trans,,  1838,  p.  383,)  gives  the  following 

£-^r^  ^wers  of  wires  of  different  metals  of  equal  dia* 

r    .<ii9%uer»  :he  metals  to  which  an  asterisk  is  affixed, 

««    scfBieaJv  pure.     The  wires  of  the  oxidizable  metals 

Miijci    V  -jnrmg  them  through  an  opening  in  a  steel  plate, 

-. -^    "ii^M&n*.  ~he  wire  as  it  was  formed  being  received  into  a 

-.u  'i<a  uapiitfaa.     The  conducting  power  was  determined 

-t.-^c«!*   :twcribed  by    Matthiessen  in  the  Philosophical 

'm     1   fjruanr,  1857.     It  is  a  modification  of  one  of  the 

•v  VVheatstone. 


j,ni*!:- 
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67-. 

6r6 
62*2 

6:/8 

ei8o 


Iron     .     . 

Palladium 

•Tin     .     . 

Platinum  . 

•Lead  .    . 

Sirontium 

•Antimony 

•Mercury 

•Biflmutn. 

Tellurium 

Bed  Phosphorus 


.v«> 


^tM5  variation  in  conducting  power,  probably, 
'.*:ii*  to  the  presence  of  suboxide  of  copper 
'jtVrior  specimens,  in  other  cases  to  the  pre- 


:!C 


«<■•    « 


».-*  • ' 


•V 

» 


».- 


\-  ':?o  vtirity  of  the  metals  employed  in  such  ex- 
j^'.t.il'v  r^vessary,  for  the  addition  of  a  small  quan- 
••.    IKC3U  orton  materially  alters  the  conductivity. 

v«xT  w^f  an  alloy  is  generally  below  that  of  the 
..v-^!C<i:  wctals.     This  is  seen  in  the  alloy  of  anti- 

?u-.  :3e  alloys  of  tin  and  lead,  tin  and  zinc,  zinc 

•%c  s  A^ndiictinty  almost  exactly  the  mean  of  that 

.^flf^Vi^  il\owVn(  for  the  proportion  of  each  that 


A  Btmilnr  fact  was  observed  m  the  condncting  power 
rheat  of  BOme  of  these   very  alloys  by  Calvert  and   Johnson. 
'  (1+3) 


Aiu,r. 

3il.H=«>o. 

Tmp.  e  F. 

Cnduotitilj, 

CoDdnctirilj, 

3404 

10-3I 
909 
8m  J 

"'99 

^3-78 

17  "43 

S 

04 '3 

694 

7r6 
71 -6 
70-5 
7J7 
77-0 

SoPb 

SoPb, 

I  ADtimon;.  :  part  tin  .    .    . 

Matfhiessen  found  that  the  conducting  power  of  graphite  and 
it"  coke  was  increased  by  heating  them,  the  electric  conduc- 
tiiity  of  gas  coke  rising  about  12  per  cent,  hetween  the  ordinary 
tttmoB{)heric  temperature  and  a  '  light '  red  heat.  Comparing 
ilnnr  conducting  power  with  that  of  silver  at  3a*  as  100°,  he  ob- 
tained the  following  values  for  carbon  in  different  couditions ; — 

Pure  Cejlon  graphite 00(593  at  7i''6 

Gas  coke o'038rt  at  77" 

Buuseu's  battery  coke 0'0246  at  79'Z 

If  equal  amounts  of  electricity,  whether  obtained  from  the  vol- 
taic battery  or  from  the  electrical  machine,  be  made  to  traverse 
wircB  of  different  metals  of  equal  length  and  diameter  in  the  same 
interval  of  time,  the  rise  of  temperature  in  the  wire  is  inversely 
proportioned  to  its  conducting  power,  and  therefore  the  better  the 
condnctor  the  less  beat  docs  it  emit.  The  general  truth  of  the 
feet  may  in  the  case  of  voltaic  electricity  be  rudely  but  strikingly 
di'monstrated  by  taking  a  wire  of  silver  and  one  of  platinum,  each 
of  exactly  the  same  diameter,  and  forming  them  into  a  compound 
wire  consisting  of  alternate  links  of  the  two  metals.  Through 
■  compound  wire,  a  current  of  electricity  may  be  transmitted  of 
\  a  strength  as  to  heat  the  platinum  to  visible  redness,  whilst 
p  links  will  exhibit  no  such  intense  heat,  though  each  link 
e  wire,  from  tlie  form  of  the  experiment,  must  transmit  equal 
kitiee  of  the  force  in  equal  times.  It  has  been  ascertained 
I  the  heat  developed  at  any  part  of  the  circuit  is  proportional 
r  square  of  the  force  of  the  current  multiplied  into  the 
tanoe  at  that  particular  point.  For  the  same  wiro  the  rise 
l^teanperfiture  is  proportioned  to  the  square  of  the  quantity  of 
Wdty,  and  this  is  true  aIi*o  for  liiiiiid  condurtoix. 


tH  ■:^'rQrAi;  =:ooLix6  £ffect8  op  gases. 


3^'ce*'€i.  3jy.  Irish  Acad,,  June,  1840),  found  that 

-t:i  .  -.ic    latizum  Tire  was  traversed  by  a  current  from  one 

~  L-;r^*-   •ju'scaur  '^airzeries,  the  ignition  of  the  wire  varied  in 

.jss^-    V    ar^:u^  :ae  gas  with  which  he  surrounded  the  wire. 

"  >  -.—    T.t>  .'ticicaeti  in  a  glass  tube,  which  could  be  filled  at 

-i**i.-^  »•.-.-    tie  iiitrec:  sasesin  succession.     It  was  found  that 

-  '--':r-'*>.-i:iu  iuii  nydrcchloric  acid  gases  had  a   smaller  cool- 

^   ■.  tcr    ::-.ti:  icaxc*cherio  air.     Nitrogen,  carbonic  oxide,  cya- 

^^  •.    :u-'i.i::l'  iciii,  dt"u:oxide  of  nitrogen,  protoxide  of  nitrogen, 

iT"    ^'*    uiue:*:*  TTipour,  had  nearly  the  same  effect   as  atmo- 

.  tr^    .^       .^iLTdn:  gas,  ammonia,  the  vapour  of  alcohol  and  ot 

t-    su  i  c^urer  ccoling  power;    and  hydrogen,  a  far  greater 

i.:    X.    xHier  :;iiiii  lay  of  the  others.     The  same  subject  has  also 

:  T's.ricicvii  by  Grove,  {Phil,  Trans,,  1849,)  ^^  ignorance  of 

:•;    -.-r*  '.  'J*  "t^ts  of  Andrcws. 

'  t    .■Iwrtii^  experiment  illustrates  the  cooling  effect  of  hy- 
*  o      -"^  :'xyLi'\y.     Take  three  pieces  of  stout  copper  wire,  bend 

them  into  the  form  shown  at  w  w 
w,  fig.  acx),  and  attach  them  to  a 
weighted  board,  by  which  the  lower 
part  of  the  bends  can  be  sunk  be- 
neath the  surface  of  water  con- 
tained in  a  shallow  vessel.  At  a  and 
b,  where  the  wires  project  above 
the   surface  of  the    water,    com- 
V     '  ■..!v.\.ce  by  means  of  spirals  of  fine  platinum  wire, 
s.^  •->  x-  'ti:  v.\ual  in  length,  and  each   cut  from  the  same 
>.  V  .<•:  >ii  "^   will  thus  oppose  an  equal  resistance   to  the 

,-**«.'     ■    '-^  ,*'..rr\'tit.     When  a  voltaic  current  of  a  certain  in- 
.^  .    ^  !.-%ii>iti  .:v.\i  through  the  wire,  www,  each  spiral,  con- 
^    ...    '     Wit.c*  heated  to  the  same  degree  of  visible  ignition, 
'i.         ••.  x;i'.  ill-  ;a.r^  one,  a,  filled  with  air,  the  other,  h,  filled 
.    .    ■.    >.  V"-   -V   "'.^t^rteil  over  them,  the  wire  in  the  jar  h  im- 
.u  •.;  »    is^o    v  S"  luminous,  while  that  in  a  becomes  more 
..-^  »    V  •'^•-      *^^''*  superior  cooling  action  of  the  hydrogen 
-,%   .  .'.iv  nT  :1v  5uix*rior  mobility  of  the  particles  of  the  gas 

•^s  ..v^^-irtvt:  «A*  vuried  by  enclosing  the  wires  a  and  b  in 

^.  ..*.•.*    v-«*    ^-•^■*^  **^'*  sealing  them    up,    one  in    an  atmo- 

>^..v^>   ^    *»'     -^^  ^"^^  *"  *°  atmosphere  of  hydrogen.     Both 

^^..v    ,K«    atv>:«*v5  ia   the  same  circuit,   so   that   they   should 

^  x%.v    .*^<«i^  «i>aat$  ot  electricity.     Before  transmitting  the 
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rroiit,  "Tiowerer,  each  tulie  was  iimneraed  iu  a   separate   vessel 

iiL'h  contained  a  weighed  qiiautity  of  watcf,  the  temperature 
inliieh  was  accurately  observed.  After  the  current  had  been 
[illowed  to  pass  for  a  certain  time,  the  temperature  of  the 
'ater  which  surrounded  each  wire  was  again  observed,  and  it 
"T-i*  foaud  that  the  water  around  the  tube  which  contained  air 

j^  considerably  hotter  than  that  which  surrounded  the  tube  filled 

ith  hydrogen,  (Grove.) 
This  result,  paradoxical  as  it  appears,  and  as  it  seems  to  have 

'II  regarded  by  Grove,   must  necessarily  follow   from  the  ope- 

■  lon  of  two  priuciples  which  have  already  been  explained;  the 
'■;i  of  these  iSj  that   the   resistance  offered  by  a  metal   to   the 

i-sage  of  electricity  is  diminished  by  reducing  the  temperature ; 
I'd  the  second  is,  that  the  heat  evolved  by  a  current  in  passing 
trough  a  conductor  is  inversely  as  the  resistance  which  it  espe- 

■  iices.  Now,  in  this  experiment,  the  primary  effect  of  the  hy- 
I  i^cn  is   the  cooling  of  the   conducting   wire ;  and   the  conse- 

i{aiaoe  is  that  tliis  cooled  wire,  in  transmitting  the  same  current 
at  a  smiilar  wire  in  air,  offers  less  resistance,  and  less  heat  is  there- 
6re  evolved  by  the  wire  surrounded  by  the  hydrogen  than  by  the 
»ire  which  is  surrounded  by  air. 

(343)  Liquids  are  very  inferior  to  solids  in  conducting  power  ; 
indeed,  the  difference  between  the  two  classes  of  bodies  is  so  ex- 
treme that  it  is  difficult  to  institute  an  accurate  comparison  be- 
hteen  them.  The  attempt,  however,  has  Iwen  made  by  Pouillet : 
lamming  as  the  unit  of  comparison  the  conducting  power  of  a 
•nhition  of  sulphate  of  copper  saturated  at  59°,  he  gives  the  fol- 
">irig  as  the  relative  conducting  power  of  the  Qadermentioned 
■'iutions: — 

Satnrnted  solution  of  sulphate  of  copper       .  i 

Ditto,  diluted  with  an  equal  bulk  of  water    .  o'64 

Ditto,  diluted  with  twice  its  bulk  of  water    .  044 

Ditto,  diluted  with  four  times  its  bulk    .      ,  0*31 

Distilled  water O'oo2j 

Ditto,  with  ^,-;,-„Tr  of  nitric  acid     ....  0015 

Platinum  wire 2,500,000000 

i<:  conducting  power  of  a  platinum  wire,  of  a  diameter  and  length 
;iui.l  to  that  of  tlte  interposed  columns  of  liquid  is  probably 
[mated  too  high. 

Since  these  results  of  Pouillet's  were  published,  the  subject  of 
iiw  conducting  power  of  liquids  has  been  rcaumci  Vi'j  "¥:..^';t«fv<«'2^ 


^ 
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in  the  paper  already  cited.  He  states  that  saline  solnttona  W^ 
be  divided  into  two  classes;  Jii  the  first,  the  coudurtiiig  jwcr  in. 
creases  progressively  in  proportion  to  the  strength  of  the  eolatioD, 
until  it  becomes  saturated ;  sulphate  of  copper  and  cliloride  of 
sodium  si6brd!ng  instances  of  this  kind  :  whilst  in  the  second  clui, 
of  which  nitrate  of  copper  and  sulphate  of  zinc  muy  be  taikca 
as  examples,  the  couducting  power  increases  with  the  dcftrtf  of 
concentration  up  to  a  certain  point,  beyond  which  it  diminiihei 
as  the  solution  becomes  more  nearly  saturated.  The  salts  whldi 
exhibit  this  peculiarity  are  either  deli<iuc»ccnt  or  extremely  to- 
luble.  The  following  table  contains  a  few  of  E.  Becquerel's  roidtl. 
The  saline  liquids  are  to  be  considered  as  saturated  nnlcss  atlier> 
wise  specified : — 

Conducting  Power  of  Liquids  for  Ekctrieity. 


s.^u_™a. 

I>™ily.   Itm.p.'F. 

Cod  dueling  powo. 

Pure  Silver 

1      3. 

100,000,<»0«1 

SolotioD  of  Sulphate  of  Coppir 

11707                     50 

ffw 

IS 

Do.     one  fourth  the  strength 

Solution  of  Chloride  of  Sodium 

sfi 

Do.    half  the  gtrcDRth    .    . 

%x^ 

Do.     one  fourth  the  strength 

■r^ 

'Solution  of  Nitrate  of  Copper  . 
Do.    half  the  strength    .    . 

rfiooS 

Do.     onefoorththeBtrength 

>3-M» 

Sohition  of  Sulphate  of  Zino   -. 

5« 

Do.    balfthe  strength    .    . 

Do.     one  fourth  the  atrength 

i*3 

Oil  of  Vitriol  I  measure          ) 

66 

8$^ 

Dialillod  Wat*r  ii  nieaRurea  ( 

5fi 

PJTT 

31 

7.M3.ooCrt» 

It  is  not  surprising  that  diS'ercuces  so  considerable  should  btt 
observed  between  the  conducting  powers  of  liquids  and  tbooe  of  i 
solids ;  for  the  processes  of  conduction  in  the  two  cases  are  cseen* 
tiaily  diSereut.  In  liquids  chemical  decomposition  and  fn^  move- 
ment of  the  component  particles  are  indispensable,  whilst  nothing  , 
of  the  kind  takes  place  in  soIidsJ  The  effects  of  heat  are  cria 
inverted  in  the  two  cases,  for  experiment  shows  tlwt  &■  the  \asf 
perature  rises,  the  conducting  power  of  the  liquid  increases  rapidlyi 
according  to  K.  Becquercl,  the  conducting  power  of  inotiy  Rolntum 
«t  313°  F.  is  three  or  four  tinien  as  great  as  that  of  the  Kune  mIo- 
^ioiiatj2°F.  These  phcQom<niB.,l\^cT«fotc,B.rc  the  revcnc of  thoMj 
I  jjreseufed  by  most  BoVid*.    'E,xceY!^"^™>^^*^""'^'"^> '*'^"*-''*"*^ 
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' -I-  shown  ttat  sulphide  of  silver,  when  cold,  is  an  insulator,  but 

■■  warming  it  gently  it  begins  to  conduct,  and  when  hot  it  affords 

<))ark  like  a  metal ;  a  little  below  redness  it  conducts  sufficiently 

'  maiiitaiD  its  conducting  power  by  the  heat  of  the  current  which 

Eran&mits.     Sulphide  aud  fluoride  of  lead,  as  well  as  iodide  of 

'  inrurj-.  also  exhibit  the  same  peeuliarity.    Glass,  when  cold,  is  an 

.Lxlleiit  insulator  of  the  electricity  developed  by  friction,  but  when 

'.".ted  it  conducts,  and   when  red  hot  it  possesses  scarcely  any 

I'l^ulating  power;  the  same  thiug  is  also  true  of  the  tourmaline. 

Most  of  these  cases  have  been  traced  to  a  partial  chemical  decom- 

posiiioik  of  the  componud  under  the  influence  of  softening  by  heat 

iBwta,  Phil.  Mag.,  1854,  p.  191),     When  liquefied  by  heat,  these 

'  impounds  all   undergo   chemical   decomposition,  aud   allow   the 

lurcut  to  pass  freely. 

(^44)  Condacting  Power  of  Gases. — Gases  are  almost  perfect 
.  i>ulatorB  of  the  voltaic  current;  although  some  feeble  indications 
1  i»iiductiug  power  have  l>een  discovered  by  Andrews,  as  well  as 

Kukel,  by  E.  Bcequcrel  and  by  Buff,  in  a  highly  rarefied  atmo- 
,  between  metallic  surfaces  strongly  ignited  and  in  close 
imatioD.  . 

wre  has  further  shown,  that  in  flame  a  current  of  electricity 
only  transmitted,  but  that  there  is  evidence  of  its  produc- 
itbiD  the  flame,  and  he  attributes  its  origin  to  chemical 
.  Becquerel  regards  it  as  a  thermo-electric  phenomenon  {Ann. 
I'f  L,aiiaie,  III.  lii.  411).  Becquerel'a  experiments,  however,  are 
'"■•I  conclusive,  and  the  feebleness  of  thermo-electric  currents 
luupled  nith  the  slight  conductivity  of  flame  render  such  a  view 
iuadraL»ible.  If  two  platinum  wires  be  connected  with  the  extre- 
mitiea  of  a  galvanometer,  the  free  ends  of  the  platinum  heiug 
twisted  into  a  small  coil,  and  one  of  the  platiuum  wires  be  inserted 
iuto  the  root  of  the  blowpipe  flame  whilst  the  other  is  tntroiluced 
jttrt  in  front  of  the  apes  of  the  blue  cone,  a  current  will  be  iudi- 
csiad,  paiising  from  the  root  to  the  apex  of  the  flame.  By  forming 
■  vcral  jets  of  flame  together  into  a  compound  circuit,  Grove  suc- 
cded  in  decomposing  a  solution  of  iodide  of  potassium  by  means 
'  the  currents  obtained  from  flame:  under  certain  circurastances, 
'  iirBYCr,  which  wc  now  proceed  to  notice,  highly  heated  gaseous  ' 
.:  liter  appears  to  transmit  voltaic  power  of  high  intensity,  and  the 
i' icnomcna  thus  displayed  arc  of  a  most  brilliant  and  rem.-irkablc 

iid. 

(345)  Disruptive  Discharge — Electric  Light. — TiMieii  the  cur* 
. '  at  ia  greater  than  the  conductor  is  able  to  convey,  the  wire 
.•--lt«,  and  is  dispersed  in  vapour;  disruptive  discharge,  in  fact, 
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occurs.  From  a  powerful  voltaic  battery  this  disruptive  discharge 
may  be  maintained  continuously^  owing  to  the  enormous  quantity 
of  electricity  in  circulation. 

K  the  air  be  rarefied  between  the  interrupted  conductors,  the 
interval  through  which  the  discharge  can  be  effected  may  be  con- 
siderably increased.  Thus  the  heat  developed  by  the  passage  of  the 
current  between  two  pieces  of  charcoal  when  they  are  in  contact, 
will  enable  them  to  be  separated  for  a  considerable  distance  with- 
out interrupting  the  passage  of  the  current ;  this  distance  ranges 
from  J-  inch  to  i  inch  when  a  series  of  seventy  of  Daniell's  cells 
twenty  inches  in  height  are  employed.  Davy,  with  the  great  bat- 
tery of  the  Royal  Institution,  consisting  of  2000  pairs  of  plates 
on  WoUaston's  construction,  obtained  an  arc  of  flame,  between 
charcoal  points,  four  inches  in  length,  and  of  dazzling  brilliancy. 

Despretz^  by  using  600  cells  of  Buusen's  construction  arranged 
consecutively^  succeeded  when  the  points  were  arranged  in  a  ver- 
tical line  with  the  negative  pole  below,  in  obtaining  an  arc  7*8 
inches  in  length.  With  100  pairs  the  arc  was  only  one  inch 
long.  The  most  intense  light,  however,  is  obtained  when  the 
points  are  separated  but  to  a  small  distance,  because  the  resis- 
tance then  being  less,  a  much  larger  quantity  of  electricity  passes 
in  a  given  time,  and  the  temperature  is  proportionately  higher. 
Dcspretz  found  l^e  obtained  a  much  more  intense  light  by  em- 
ploying his  600  cells  in  6  parallel  series,  so  as  to  form  100  cells  of 
6  times  the  ordinary  size  than  when  they  were  connected  into  one 
continuous  scries.  He  estimated  the  light  with  the  arrangement 
of  600  in  six  parallel  series  to  be  nearly  six  times  as  great,  as  when 
ICO  cells  only  were  employed, — a  result  in  conformity  with  the  anti- 
cipations of  theory.  The  same  observer  found  that  when  the 
charcoal  points  were  disposed  in  a  horizontal  direction  at  right 
angles  to  the  magnetic  meridian,  the  length  of  the  arc  when  200 
pairs  of  Bunscn  in  two  parallel  series  were  employed,  was  greater 
in  the  proportion  of  20*8  to  16*5,  when  the  positive  pole  was  to 
the  east,  than  when  it  was  to  the  west. 

During  the  production  of  this  dazzling  light  a  considerable 
mechanical  transport  of  the  materials  composing  the  terminals  of 
the  pile  takes  place,  and  tliere  can  be  no  doubt  that  the  ignition 
ijf  the  solid  particles  contributes  mainly  to  the  production  of  the 
intense  light  thus  procured.  A  cavity  is  always  produced  in  the 
piece  of  charcoal  attached  to  the  positive  wire  which  is  connected 
with  the  last  platinum  or  copi)er  plate  of  the  battery  (the  zincode, 
247,3)  >  ^^^  ^^  ^^^  Bome  time  a  mammillatcd  deposit,  which  conti- 
liually  increases  in  length,  is  formed  upon  the  charcoal  on  the 
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!^3ttve  wire  in  couuesioti  with  the  zinc  plate  (the  platiuode). 
.LiL-nipU  liAve  becu  uiude  to  upply  this  light  to  the  purposes  of 
iitaiiiatioa,  aiid  iu  particular  cases,  as  for  the  display  of  optical 
iiiotneua  in  the  claas-roon],  it  is  often  of  high  value.  Its  applica- 
u  is,  however,  attended  with  great  practical  difficulties,  of  whicli 
II'  truiisfer  of  conducting  material  from  one  pole  to  the  other  is 
io  of  the  most  serious  [  and  it  is  very  doubtful  if,  even  when  the 
i<t:Iiai)ical  obstacles  are  removed,  such  a  light  can  be  economically 
L  advantageously  used  for  the  general  purposes  of  illumination. 
ii'.'  light  is  too  intense  for  the  unprotected  eye  to  endure  for  any 
■ij^th  of  time  in  its  immediate  vicinity,  and  the  cupenae  is  so 
tat,  that  unless  the  electricity  can  be  obtained  in  the  process  of 
ti'jiaring  some  chemical  compound  in  the  battery  itself,  which 
il  defray  the  cost  of  production,  its  success  as  a  mercantile  spe- 
'  :bUon  is  very  problematical.* 


'  Thp  general  appearance  of  the 
trie  lump  of  Dubowq  is  sbonu 
15.  301,  10  which  T,  T  represent 
clisrcool  poinla  between  which 


lliu  lantern,  so  that  the 
,  L^littiholl  altrayB  be  kept 
sac  position  nith  respect  to 

ri'Eulator  by  which  this  re- 
■iil(iialtAinedisahon'iiat  B.  Within 
'  molectro-magnet,  andaclock 
HI  tithe  priu  ei  pal  parti<  of wh  i  c  1 1 
KDted  upon  a  larger  «eale  la 
The  eloek  movomeiit  in 
d  to  bring  the  two  poinid  to- 
.«^  other  so  as  to  eoinpen- 
r  the  waste  they  experience  iu 
^  WK<  and  the  electro-manQet  is 
ijloyed  to  check  tlie  clock  actioa 
lim  no  longer  needed.  When  the 
buirry  if  in  use  the  negative  point  ia 
tlvayi  eotisiitned  in  air  more  slowly 
itua  tiir  pciailive  one ;  and  it  iDeeoniW 
liKwstaxy  to  provide  meant 
itif  ncli  point.  At  a  rate  proportioned 
to  Oia  rapidity  of  its  consumpl'- 
Tia'it  vtT'.x-U'il  by  making  the  dr 
tiiid  j^i^f  imequfll  dimensions;  thu 
tUici  r  an4  if  are  employed  (otranR- 
Iiiil  Iba  movcrocuta  of  the  clockwork 
UlhepoiDU  ry.  The  I'liain  c  attached  to  tlie  iipi 
oTun  tko  rasller  drum  n,  sad  passes  up  tLc  tut 
■diuiil  ui  the  opposite  direction  to  that  of  the 
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This  transfer  of  solid  particles  is  not  confined  to 
vhich  a  porous  conductor  like  charcoal  ie  used.  The 
metals,  such  as  platiuTim  aud  iridium,  are  traiisfenul  from  I 
stincode  towards  the  platinode,  but  the  arc  in  these  ouea  is  uot  hi 
long  as  when  more  friable  materials  are  used.  \^'het)  a  pocititt 
coke  point  was  opposed  to  a  negative  electrode  of  platinam,  llie 
arc  was  not  more  than  half  the  length  of  that  obtained  hf 
making  the  coke  negative  and  the  platinum  poititive  (DelanveV 
Grove  found  it  to  be  true  generally  that  in  an  oxidinog 


over  the  pulley  d',  is  BttAidwd  to  At 
tube  cO[it^Diiig  the  lowrr  or  puntir* 
cbarcosl  point  t.  'Both  dnaat  ve 
pluotrd  opoQ  a  coimuon  mm,  tad 
tlitrefore  botli  are  moiuil  Lt  iW  ilwt 
iu  the  BBine  diT(>oti'>n,  so  in*!  ubilii 
the  uhain  il  attftiJied  to  tlis  bnr 
point  U  beinz  wound  up.  the  ehiiac 
ronuected  wilb  the  neeatirc  point  ■ 
being  unwouad,  tliougb  \m  np^f 
thnn  d,  and  tbe  Dei;ativu  pm&l  It 
Hllowed  to  d^BL-eud,  Thf  wifM 
from  Ibe  battery  (ubout  40  Miri  of 
Grove)  are  aitde  I'aat  to  the  Innijilil 
screws  B.  b',  the  poaitiv*  wire  I  b*' 
I'onneutud  with  one  eod  of  ()>•  ooil 
i  of  the  electro •aftKQct  k,  wIiiIp  th< 
^^^  .^^^j^^^MB  ■■  y  other  end  of  this  ooil  ii  in  ulMtntal 

^^L  .mH^^BBI  II  coulni^t  with  the  lower  point  t,    TL« 

^^H  fi  ^H^^kEI^I  II  current      lIiiib  made  lo  pass  tiiTOuall 

^^H  ^^^^B^^n    I II  ^^  electro-niAKTiet  on  il*  naj  to  IM 

^^^L  ^l^^l^^ffa    I H  cbarcoal  poiiii«.    When  the  eltctn* 

^^^K  ^^^^  ■  I  ■  magnet  it  in  full  acliou  it  attracla  Uw  1 

^^^1  I  ID  kcetier  k  altanlied  to  the  Inwer  cod  of  ^ 

^^^^  I  III  the  Wnlli'verAworkiufroit  thrfolenia 

^^H  i^J   GlslH  '•     I'he  upper  extremity  of  Uu*}«Ta', 

^^^1  ^^^b^hI  aH^^L  when  the  keeper  is  drawn  home,  loda 

^^^1  ^^~^^^^^l  H^^^  ''''^  ^^^  ratchet  wheel  se«n  MlftewiM 

^^^1  ^HI   ^H^^  "^  **'  '''"^  arreiting  the  clock  oova- 

^^^1  Enl  l^m  mrnt.andrendering thcrhareoajpotnta 

^^^B  BBB  ^H  Btationnry,     As  BO<.m  as  thodiataaa 

^^^1  IHH   ^H  betneeti  the  potnlB  bveonit^a  loogna^ 

^^H  B9fl  ^9  the  vurreiit  tliroiiffh  the  el«iro  msn  ' 

^^H  ^^Bfl^l  "^^  b^ome*  reduced  in  powpr,  AM 

^^1  ^H^^^^K  Icta  go  the  keeper  t,  whicb  ia  (ortmt  ' 

^^H  ^^^^^^^^^^  "'"^  ^^"^  ^^°  magnet  by  Che  wlWMi 

^^H  _i^B^^^^^B^^^^tat—       clockwork  is  imm<iduit«lr(«tfra«,m|. 

^^H  the  points  are  Ihuv  itin<Ji'  i'.>  a^iprvikrb 

^^H  each  other,  nntil  the  current  recorera  iiufiicicut  force  i'k  < 

^^^1  keeper,  which  ones  more  locks  into  ihn  rntehcl  whi>cl  r.     ^^  1 

^^H  in  good  action,  these  alternate  niotioua  of  the  keeper  and 

^^H  reour  with  frctiaeocj  and  rrgularitj  ;  to  that  the  poiold  ar. 

^^H  rlrstiuiw  Muflicinntly  umtona  to  ^tcieul  auj  •"dJea  or  man-r^ni  lumitju.iia 

^^H  ia  the  amount  of  ligbt. 


'••A  WWhmcj-  and  length  of  the  arc  was  greatest  with  the  moat 
iilizalilL-  metals.  Vau  Breda  states,  that  portions  of  the  Dcga- 
.(■  terminal  are  always  transferred  towards  the  positive  wire. 
IS  was  particularly  evident  when  iron  balls  were  made  the  ter- 
L.als  of  the  wires,  although  this  transfer  is  ranch  less  ia  amount 

■  ii\  the  negative  to  the  positive,  than  the  simultaneous  transfer 
xn  the  positive  to  the  negative  wire.     The   light  that   attends 

i-oUaic  are  does  not  necessarily  proceed  from  the  eomhugtion 
the  conducting  material,  for  it  occurs  in  a  vessel  from  which  air 

^^shaustcd,  with  a  brilliancy  not  much  inferior  to  that  exhibited 
ii  iu  the  air.     It  may  even  be  produced  between  two  charcoal 

lilts  vhich  are  immersed  under  water.     In  every  case,  however, 

■  tran&fereuce  of  some  material  particles  is  esacutial  to  the  pro- 
iL-tion   of  the  luminous  arc.     Gassiot  found  that  even  when  a 

uhtnation  of  320  cells  on  Daruell's  construction  was  employed, 
.  spark  could  be  obtained  between  two  platinum  surfaces,  con- 
^  led  one  with  one  wire,  the  other  with  the  opposite  wire  of  the 

Mcry,  in  a  high  state  of  efiBciency,  although  the  two  platinum 
I :  faces  were  brought  within  xeW  of  an  inch  of  each  other.  If 
■Tcver  the  transfer  of  some  material  particles  be  effected  between 
.1^  two  surfaces,  either  by  a  momentary  contact,  or  even  by  the 
.-.charge  of  a  Leyden  jar  across  the  interval,  the  current  may  be 
'.tbiiehed  and  the  luminous  arc  maintained  with  a  small  uumber 
■jf  p!ur«  of  plates. 

The  heat  produced  in  the  voltaic  arc  is  of  the   most  intense 

kiod.     Metals  which  like  platinum,  iridium,  and  titanium  resist 

the  greatest  heat  that  can   be  obtained  by  the   direct  chemical 

tion  attendant  upon  combustion  iu  the  furnace,  readily  melt  and 

■  ■  transferred  from  the  liticode  to  the  platiuode  by  a  voltaic  cur- 

■.j'.  of  high  intensity.     The  fusion  is  easily  accomplished  by  ex. 

■  ating  a  circular  piece  of  gas  coke,  about  an  inch  in  diameter 
m!  half  an  inch  thick,  into  the  form  of  a  crucible,  which  is  at- 

'..bed  by  stout  copper  hell  wire  to  the  wire  which  is  in  conneJiion 

with  the  last  platinum  plate  of  the  battery;  a  piece  of  boxwooil 

I'barcoal  or  of  gas  coke  about  the  thickness  of  a  cedar   pencil  is 

^I'laelied  to  the  wire  eouneeted  with  the  zinc   plate  of  the  bat- 

■  i_v  :  the  metal  for  trial  is  then  placed  in  the  little  coke  crucible, 

111  the  current  from  30  or  30  pairs  of  Grove's  battery  is  trans- 

■tied  through  it  by  means  of  the  charcoal  point  with  which  the 

iiinode  of  the  battery  is  armed.     Gassiot  has  pointed  out  the 

markable  fact,  of  which  no  explanation  has  as  yet  been  given, 

i!wt  the  zincode,  or  the  wire  connected  with  the  ^\a.\,\\s.\w:(i  "^NsAjt 

mea  much  the  hotter  of  the  two  in  tU\s  acfeoo-    'V.\i\%  I'fe'A.Ss 


I 
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reversed  in  the  case  of  the  secondary  cnrrent  obtained  firom  the 
Buhmkorff  coil  (263),  in  which  the  negative  terminal  becomes  the 
hottest,  and  from  which  the  dispersion  of  solid  particlea  almost 
exclusively  occurs. 

Favre  {Comptes  Rendus,  Iv.  56)  has  arrived  at  the  interesting 
conclusion  that  the  quantity  of  heat  evolved  by  the  solution  of  a 
definite  quantity  of  zinc  in  any  given  circuit  is  lessened  in  the 
battery  itself,  in  proportion  as  heat  is  evolved  at  any  given  point 
of  the  circuit,  and  that  heat  is  lost  when  motion  is  produced. 
The  quantity  of  heat  thus  lost  agreed  very  closely  with  the  quan- 
tity required  by  theory  if  Joule^s  mechanical  equivalent  of  heat 
(123)  be  adopted.  A  part  of  the  heat  is  thus  converted  into  me- 
chanical effect  or  motion,  as  must  be  the  case  if  the  mechanical 
theory  of  heat  (124)  be  true.  The  simple  solution  of  a  quantity 
of  zinc  in  sulphuric  acid,  equal  in  amount  to  that  dissolved  in  the 
battery  during  each  experiment,  was  found  by  previous  researches 
to  be  represented  by  the  number  18444.  ^^  these  experiments 
Favre  arranged  the  battery  itself  in  a  calorimeter ;  and  in  a  second 
calorimeter  he  placed  the  conducting  wire,  which  was  coiled  in 
such  a  manner  as  to  be  applicable  to  the  production  of  electro- 
magnetic action,  the  amount  of  which  could  be  measured  by  its 
power  of  raising  a  weight.  He  then  made  five  series  of  experi- 
ments. In  the  first  of  these  the  current  traversed  the  battery 
only  and  a  short  copper  wire :  in  the  second  series,  it  traversed 
the  batteiy  and  the  conducting  wire  of  the  coil,  the  iron  not  being 
included  in  the  coil;  in  the  third  series,  the  metallic  core  was 
previously  placed  in  the  axis  of  the  coil ;  in  the  fourth  series,  the 
apparatus  for  rotation  was  set  in  motion,  ■  but  no  weight  was 
raised ;  and  in  tlie  fifth  series  a  known  weight  was  lifted  to  a 
definite  height  by  the  action  of  the  electro-magnet.  The  results 
were  as  follows  : — 


No.  of  Experi- 

i8t  Calorimeter. 

and  Calorimotpr. 

1 

Ili^at  lost  for 

He«t  Unite. 

m<*nt«. 

(Battery.) 

(ConductingCoil.) 

Weight  raised. 

Total. 

I 

18682 

18682 

2 

18674 

18674 

3 

16448 

2219 

18667 

4 

13888 

4769 

18657 

1           ^ 

'5427 

2947 

308 

18682 

The  fifth  column  gives  the  total  amount  of  heat  measured  in 
'  units  of  heat'  {note,  p.  176),  from  which  it  will  be  seen  to  be 
sensibly  equal  in  each  case. 

The  colour  of  the  light  em\\.\£»!L  Vj  V>\^  d^^^'o^  x&K^aiiak 
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rati-d  between  the  wires  of  tte  battery,  ia  peculiar  for  each ; 

gold  bonis  with  a  bluii^h  white  light,  silver  with  a.  heautiful  green 

liubt,   copper   wilh    &  reddish  white,  zinc  with  a  posverful  white 

i'.  tinged  with  blue,  aad  lead  with  a  purple  light;  steel  bums 

:U  brilliant  yellow  scintillations,  mercury  with  a  hrilliaDt  white 

.  tinged   wilh   blue.      If   these  lights  be  viewed    separately 

Igh  a  glaaa  prism,  large  dark  intervals  will  be  seen  between  a 

irilliaiit   streaks  of  light  of  different  colours  and  of  definite 

of    refrangibility,        (Masson,    Ann.    de    Chim'te,    III. 

^395) 

Chemical  Actions  of  the  Voltaic  Battery. 

)  Diachart/e  by  Convection. — To  the  chemist,  however,  the 

J  of  the  voltaic  current  by  the  process  of  convection,  is 

luore  interesting  than  the  brilliant  phenomena  exliibited  by 

sruptive  discharge,  since  it  is  in  the  discharge  by  convection 

e  importaut  chemical  actions  of  electricity  are  displayed. 

>It  \ias  already  been  explained  when  describing  the  voltameter 

'.  :^),  thiit  if  the  connecting  wires  of  a  voltaic  battery  terminate 

jJatinnm  plntes  or  wires  which  are  made  to  dip  into  acidulated 

I'lT,  decomposition  of  the    liquid  takes  place,  and  oxygen  and 

IrogcD  are  evolved  at  the  surfaces  of  the  platinum  plates.    This 

jiortant  discovery  was  made  in  the  year  1800,  by  Nicholson  and 

rliiile,  and  the  chemical  action  of  the  voltaic  pile  thus  revealed, 

abled  Davy  n  few  years  later  to  decompose   the  alkalies  and 

.[tit*,  which  up  to  that  time  had  been  regarded  as  elements;  but 

A  showing  their  compouud  nature,  he  at  once  modified,  in  an 

iiDport&iit   manner,  the  views  of  chemical  philosophy  which  had 

prevailed  up  to  that  period. 

In  pursuing   these  experiments  on  the  voltaic  decomposition 

;■  ivator,  it  was  soon  observed  that  when  copper  wires,  or  the  wires 

:  metals  which  are  easily  suacejitible  of  oxidation,  are  employed, 

:-  escapes  from  one  wire  only ;  whilst  if  platinum  or  gold  wires 

;is«d,  gas  is  evohed  from  both.     In  the  first  case,  the  oxygen 

lubiQcs  with  the  copper  or  oxidizable  metal,  and  forms  an  oxide 

A  l.ich  is  dissolved  hy  ihe  acid  liquid,  and  therefore  hydrogeu  alone 

cscajies ;   in  the  second  case,  both  gases  are  evolved ;  since  neither 

platiaum  nor   gold   has  sufficient  chemical  affinity  for  oxygen  to 

■-imbine  with  it  at  the  moment  of  its  liberation. 

The  process  of  resolving  compounds  into  their  constituents  bv 
i 'i:tricity,  i»  termed  eleclrolysig  (from  electricity  and  \va\t:  veleas- 

t  and  a  body  susceptible  of  such  decom^osYV\oi\,  \&  tin^e&.  i«i 
hj^/r,-  the  tcrnjinating  wires   or   p\aU&  ut  \.W  V'\'A\:r    ■««. 
—      -  ""^       - 


401  LAWS  OF    KLECTROLTSIfl. 

called  the  poles  of  the  battery.  The  word  electrode  is  also 
as  synonymous  with  the  pole  of  the  battery,  aud  it  implies  the 
doop  or  path  (from  iSoc  a  way)  to  the  current  by  which  it  eiiUn 
or  leaves  the  compoimd  through  which  it  is  transmitted. 

(247)  Laws  of  Electrolysis. — A  great  variety  of  bodies 
of  being  decomposed  by  electrolysis,  but  the  process  is  uot  appli-^ 
cable  to  all  indiscriminately.  It  occurs  auder  ccrtaia  defiaiu 
laws,  which  may  he  stated  a»  follows : — 

1.  No  elementary  substance  can  be  an  electrolyte  ;  for  from  the 
nature  of  the  operation,  compounds  alone  are  susceptible  of  elec- 
trolysis. 

2.  Electrolysis  occurs  only  whilst  the  body  is  in  the  liquid  state. 
The  free  mobility  of  the  particles  which  form  the  body  uudei^ug 
decomposition   is  a  necessary  condition  of  electrolysis,  since  the 
operation  is  always  attended  by  a  transfer  of  the  component  pir-i 
tides  of  the  electrolyte  in   opposite  directions.      Electrolysis 
necessarily   a  process  of  electrical  conduction,  but   it  is  cotuluc- 
tiou  of  a  peculiar  kind ;  it  is  totally  different  from  that  of  orttii 
conduction  in  solids.     If  an  electrolyte  be  soUdilied,  it  instant!/ 
arrests  the  passage  of  the  force ;  for  it  cannot  transmit  the  electiia 
current  like  a  wire  or  a  solid  conductor:  the  thiunest  film  of 
solid  between  the  two  plates  suspends  all  decomposition.     Mu] 
saline  bodies  arc  good  conductors  when  in  a  fused  condition ; 
example,  nitre,  whilst  in  a  fused  state,  conducts  admirably  ; 
if  a  cold  electrode   be   plunged   into   the  melted  salt,  it  beoomt 
covered  with  a  film  of  solid  nitre,  and  no  curreut  is   traiismiti 
until  a  continuous  chain  of  liquid  particles  is  restored  between 
plates  by  the  melting  of  the  film;  these  effects  are  readily  exlii- 
bitcd  by  including  a  galvanometer   in  the  circuit.     A  few  partial 
exceptions  to  this  rule  have  been  obscr\'ed,  and  have  already  bccD 
alluded  to  (243] ;  but  in  such  cases  the  decomposition  is  alwajS' 
eitremely  limited. 

3.  During  electrolysis,  the  components  of  the  electrolyte 
resolved  into  two  groups:  one  group  lakes  a  definite  direeti 
towards  otie  of  the  electrodes;  tlie  other  group  falcea  a 
towards  the  other  electrode.  Tliis  direction  of  the  ions  (as  the  ti 
groups  which  compose  the  electrolyte  have  been  termed)  dcpen4i 
upon  the  direction  in  which  the  chemical  actions  are  going  oq  in 
the  battery  itself.  The  two  platinum  plates  in  the  dccompoMng: 
cell  may  be  distinguished  from  each  other  iu  the  manner  proposed 
by  Daniell.  These  pUtcs  occupy  rcapcctivpJy  the  position  of  • 
zinc  and  of  a  platinum  plate  in  an  ordinary  cell  of  tho  bstter/t 

L  that  is  to  say,  if  for  tlua  docom^osm^  <«\i«a  "ariiwaas-j  \«Moa:^  oed 
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...re  Babstttnted,  a  rod  of  zinc  would  occupy  tte  place  of  one  of 
' :'  platinum  plates,  aud  would  be  attacked  by  the  oxygeu  and 
Old  in  the  exciting  liquid  of  the  battery,  whilst  a  plate  of  platinum 
■:  some  other  conducting  metal  would  occupy  tlie  place  of  the 
rond  platinum  plate,  and  would  have  the  hydrogeu  of  the  cx- 
liog  liquid  directed  towards  it.  To  the  plate  of  the  dccompos- 
•^_  cell  which  corresponds  to  the  zinc  rod,  Daniell  gave  the  name 
;  the  zincode,  which  is  synonymous  with  the  anoile  of  Faraday 
L  111  the  positive  jjole  of  other  writers.  To  the  plate  which  cor- 
-poiids  to  the  platinum  or  conducting  metal,  Dauiell  gave  the 
line  oi  tlic  j>laUnode,  which  is  synonymous  with  Faraday's  term 
I  cathode,  and  with  the  negative  pole  of  other  writers.  Oxygen, 
I'lrine,  and  the  acids  generally,  make  their  appearance  at  thezin- 
"It?  in  the  decomposing  cell  during  electrolysis  ;  whilst  hydrogen, 
ivalies,  and  the  metals  are  evolved  upon  the  platinode. 

This  definite  direction  which  the  elements  assume  during 
!i'ctrolyais  may  be  shown  by  collecting  the  gas  which  is  evolved 
\cr  two  platinum  plates,  connected,  one  with  the  last  platinum, 
iic  other  with  the  last  zinc  plate,  of  a  combination  consisting  of 
l.i-ec  or  four  pairs  of  Grove's  battery.  Hydrogen  will  be  collected 
*i--r  the  platinode,  or  the  plate  in  connexion  with  the  zinc  end  of 
li'i:  arrangement,  and  which  would  correspond  to  the  platinum 
I  ;ate  if  another  cell  of  the  battery  were  here  interposed ;  whilst 
■  Attn  the  zincode,  or  plate  in  connexion  with  the  platinum  of  the 
^^Rtery,  oxygen  is  evolved. 

^^B  The  following  experiment  further  illustrates  the  definite  direc- 
^^Hb  which  the  components  of  the  electrolyte  assume.  Let  four 
^^^piM  be  placed  side    by  side,  as  represented  in  fig.  203,  each 

"  Fio.  203. 


ttiided  into  two  compartments  by  a  partition  of  card,  or  three  or 
:  'ir  folds  of  blotting-paper,  and  let  the  cups  be  in  electrical  com- 

iiinicatioD  with   each  other  by  raeana  of  platinum   wires  which 

:  noinate  la  strips  of  platinum  foil.     Place  in  the  glass  No.  1,  a 

lutioti  of  iodide  of  ix>tas5ium  mixed  with  starch ;  in  a,  a  strong 
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soluiioa  of  common  salt,  coloured  blue  with  sulplmte  of  tnct^; 
ia  3,  a  solution  of  sulphate  of  aniraoaia,  coloured  blue  with  a 
neutral  iofiision  of  the  red  cabbnge;  ami  Id  4,  a  Bolution  of  nl- 
phate  of  copper.  Let  the  plate.  A,  be  connected  with  the  {lositin 
wire  or  ziucode,  and  let  a  complete  the  circuit  through  the  ncgi- 
tive  wire  or  platinode.  Under  these  circumntances  iodine  will 
speedily  be  set  free  in  b,  and  will  form  the  blue  iodide  of  stuch; 
chlorine  will  show  itself  in  d,  and  will  bleach  the  blue  liquid; 
sulphuric  acid  will  be  seen  in  /,  and  will  redden  the  infusion  rf 
cabbage;  sulphuric  acid  will  also  be  liberated  in  h,  as  may  be  seen 
by  introducing  a  piece  of  blue  litmus  paper,  which  will  inune- 
diatcly  be  reddened;  whilst  a  piece  of  turmeric  paper  will  he  turoed 
brown  in  a,  from  liberated  potash ;  in  c  it  will  also  be  tuiwd 
brown  by  the  soda  set  free;  in  e  the  blue  infusiuu  of  eabhage will 
become  green  from  the  ammonia  which  is  disengaged ;  and  in  g 
metallic  copper  will  be  deposited  on  tlie  platinum  foil. 

4.  The  amount  at  well  as  the  direction  of  eleclrolyait  it  d^ 
nife,  and  it  U  dependtnt  upon  the  degree  of  action  in  the  batltrjf ; 
being  directly  proportioruUe  to  the  quatUHy  of  electricity  in  dm- 
lalion.  It  has  been  amply  proved  by  experiment  that  for  entf 
327  grains  of  zinc  which  is  dissolved  in  any  oue  cell  of  the  bottci^i 
provided  local  action  be  prevented,  9  grains  of  water  are  decom- 
posed in  the  voltameter;  or  if,  as  in  the  preceding  e^pcrimat, 
several  electrolytes  be  arranged  in  succession,  each  comiJound  wiB 
experience  a  decomposition  proportioned  to  its  chemical  e^uivalcuL 
For  instance — if  the  current  be  made  to  pass  first  through  liiscd 
iodide  of  lead,  and  then  through  fused  chloride  of  tin — for 
327  grains  of  zinc  dissolved  in  any  one  cell  of  the  battery,  103'^ 
grains  of  lead,  and  59  grains  of  tin  will  be  scpamtetl  on 
respective  platinodes,  whilst  137  grains  of  iodine,  and  33-5  grab 
of  chlorine  will  be  evolved  on  the  resijcctivc  zincode*.  TlieM 
numbers  corrrespond  with  the  chemical  equivalents  of  the  aevtnl'^ 
elements  named. 

Yariationa  in  the  intensity  of  the  current  (t.  e.,  variationa  is 
the  quantity  of  the  force  which  passes  tljrough  o  given  tnm8»crW 
spction  of  the  conductor  in  equal  times]  produce  no  variation  ii 
the  amount  of  chemical  decomijosition  nhich  is  effected  by  tbS' 
arrangement.  For  example;  if  three  similar  voltameter*,  pro- 
vided with  plates  of  equal  area,  be  arranged  as  at  a,  b,  c,  Bg.  204, 
the  first  will  transmit  twice  as  much  electricity  in  a  given  ttote  tf 
either  of  the  others.  The  current  will  therefore  have  twice 
iateusity  in  a ;  but  t\ve  talaX  i\\\ii.viV\V^  q(  %«a  collected  from  b  Hndi 
toother  will  be  exactVy  equal  to  xUe  Wt^ii.  won-MA-^uJAK&.Nn  ^'^ 
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Bwhen  thrown  into  the  current  form,  to  produce  the  decompo- 

1  of  au  efjuivalent  guanlilj/  of  aaj  compound   body  which  ia 

tptible  of  electrolysis ;  and  hence  it  has  .been  concluded  that 

Pequiraleut  weights  of  the  simple  bodies   are  those  weights  of 

"li  substance  which  are  associated  with  equal  quantities  of  elec- 

tridty,  and  have  naturally  equal  electric  powers. 

5-  If  Hie  same  pair  of  ehmenls  form  more  than  one  compound 
with  each  other,  it  is  only  the  compound  which  contains  one  equina- 
lenl  of  each  element  that  admits  of  ekctrolyats  (Faraday).  For 
eumplc,  tin  fornas  two  compounds  with  chlorine ;  the  proto- 
'■Woride  (SnCI)  ia  solid  at  ordinary  temperatures, — when  heated  it 
.1-  Ibi,  and  is  then  freely  electroly sable ;  hut  the  bichloride  (SnClj) 
Though  liquid  at  ordinary  temperatures,  cannot  be  decomposed  so 
liiiig  as  it  is  anhydrous,  or  free  from  water. 

To  these  taws  may  he  added  a  sixth — viit.  ; — 
6.  Those  bodies  only  are  electrolytes  which  are  composed  of  a 
'"niluclar  and  a  non-conductor.  Tlie  conductors  accumulate  on  the 
liirimle,  the  non-conductors  on  the  aincode.  For  example,  iodide 
;  l.-oA  when  melted  conducts  tLc  current;  metallic  lead,  which 
a  conductor,  acciunulates  at  the  platinode;  whilst  iodhie,  which 
:  n  non-condoctor  even  when  melted,  collects  at  the  zincode.  On 
ii'  other  hand,  red  chloride  of  sulphur  (SCI),  is  not  an  electro- 
-I.',  although  composed  of  single  equivalents  of  its  components; 
ii  melted  sulphur,  and  chlorine,  when  the  latter  is  liquefied  by 
.  ^siire,  are  both  insulators  of  electricity,  A  compound  coinjiosed 
1  two  conduct^irs  is  equally  unfit  for  electrolysis.  For  instance, 
iL^ctalllc  alloy,  stich  as  plumber's  solder,  composed  of  two  parts, 
une  equivalent,  of  lead,  and  one  part,  or  one  equivalent,  of  tin, 
!ii!i  melted,  conducts  the  current  perfectly,  but  uo  separation  of 
■  constituents  is  efl'ected. 

(148)  Every  electrolyte,  since  it  can  transmit  a  current,  is  also 
pahle  of  genemting  a  current  if  it  be  empVuNciS,  to  ftT.<iv*JS  iiCOKn. 
:he  battirry  itself.      Comparatively  few  e\cc\.rc.\^\,cs,VQ'«wiEt,*M^ 
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practically  available  for  tliis  purpose.  It  is  ticccssaiy  ttiit  ISe 
deposited  corapouiKls  be  dissolved  as  fast  as  they  arc  proilDad; 
otherwise  the  crust  of  insoluble  matter  introduces  a  mechanic)] 
obstacle  by  which  the  action  is  speedily  checked. 

Great  differences  occur  in  the  facility  with  which  different  dec« 
trolytes  yield  to  the  decomposing  action  of  the  vo!t,'iic  current 
Generally  speaking,  the  greater  the  chemical  opposition  betitecii 
the  elements  of  a  compound,  the  more  readily  it  yields  to  electro- 
lysis. The  following  table  exhibits  the  order  in  which,  according 
to  Faraday,  the  different  compounds  which  are  enumerated  yield 
to  electrolysis ;  those  which  are  most  readily  decomposed  stamUof 
first  on  the  list : — 

Solution  of  iodide  of  potassiuni 
Fused  chloride  of  silver 
Fused  chloride  of  zinc 
Fused  chloride  of  lead 
Fused  iodide  of  lead 
Hydrochloric  acid 
Diluted  sulphuric  acid. 

The  consideration  of  the  applications  of  the  voltaic  battery  to 
the  purposes  of  clcctrotyping,  and  to  chemical  dcoomposhtou 
generally,  will  be  more  advantageously  considered  after  tluj  pn^ 
perties  of  the  metals  have  been  described. 

{249)  Resemblances  between  the  Electricity  of  the  Machiiu  ati 
that  0/  the  Voltaic  Battery. — Notwithstanding  the  extremely  brief 
duration  of  the  discharge  from  the  electrical  machine,  it  prodacfs 
whilst  it  lasts,  phenomena  similar  to  those  of  the  voltaic  cnrreat, 
which,  indeed,  may  be  regarded  as  a  succession  of  diecbarget 
re]>cated  so  frequently  as  to  become  continuous.  By  repeating  llis 
discharge  from  the  electrical  machine  many  times  through  the 
same  liquid  conductor,  Faraday  was  enabled  to  obtain  true  elec- 
trolytic decomposition.  The  following  simple  experiment  may  hi 
adduced  as  an  illustration  of  this  fact : — Upon  a  plato  of  glasa 
place  a  small  piece  of  turmeric  paper,  moistened  with  a  Bolation 
of  iodide  of  potassium  which  has  been  mixed  with  a  little  starch  j 
u|)on  one  end  of  this  piece  of  paper  allow  the  point  of  a  fino  pis* 
tiuum  Hire  to  rest,  the  other  end  of  the  wire  being  in  coinmuni- 
cation  with  the  prime  conductor  of  the  machine ;  on  the  other  cxtre* 
mity  of  the  paper  place  a  similar  wire  in  communication  with  the 
earth  ;  it  will  be  found  on  setting  the  machine  in  action  tliat,  after 
tfie  lajise  of  one  or  tvio  mmatea,  a.  ua%U  blue  s^t  will  appear 
I  round  the  point  ot  tlie  vfite  cottvvecV.«4  VaV  W^  ijTvcafc  ■««*.■«&' 
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to  the  liberation  of  iodiue ;  while  i-ound  the  wire  which  com- 
tes  with  the  earth  a  brown  spot  will  be  formetl,  from  the 
of  the  alkali  which  is  set  free.     If  the  wires,  instead  of  being 
:ted  through   the   medium  of  iodide  of  potassium,  be  made 
lip  into  a  drop  of  a  solution  of  sulphate  of  copper,  metallic 
will  be  deposited  on  the  wire  connected  with  the  earth,  and 
in  and  sulphuric  acid  will  appear  on  the  other  wire.     If  a 
of  litmus   or   turmeric  paper,  moistened  with  a  solution  of 
late  of  soda,  be  supported  on  a  tliread  of  glass  between  two 
I,  one  of  which  proceeds  from  the  prime  conductor,  whilst  the 
communication  with  the  earth,  the  saline  solution  in 
paper  will  be  decomposed  by  the  electricity,  even  although  the 
does  not  touch  either  of  the  wires :  the  litmus  paper  on  the 
towards  the  prime  conductor  will  gradually  be  reddened,  whilst 
turmeric  paper  will  be  turned  brown  at  the  extremity  which  is 
farthest  from  the  prime  conductor. 

The  quantity  of  electricity  which  is  required  to  produce  che- 
mical decomposition  is  very  great.     This  fact  is  strikingly  illus- 
trated by  a  comparison  which  was  made  by  Faraday  between  the 
UDount  of  electricity  which  is  developed  from  the  machine  by 
frietion  and  that  which  is  furnished  by  the  chemical  action  of  the 
Wtery.      The  experiment  was  performed  in  the  following  manner: 
—A  wire  of  platinum  and  another  wire  of  zinc,  each  Vf  of  an  inch 
■     ill  diameter,  were  immersed,  -j^  of  an  inch  apart,  to  a  depth  of  ^  of 
.1  inch  in  an  extremely  dilute  acid  hquid,  prepared  by  adding  a 
iiflle  drop  of  oil  of  vitriol  to  four  ounces  of  water.     The  current 
iLained  fi-ora  this  combination,  at  a  temperature   of  60°  F.,  was 
iiismttted  through  the  coil  of  a  galvanometer  consisting  of  18 
■L'l  of  copper  wire  y,-  of  an  inch   thick.     It  produced  in  about 
'  ircc  seconds  as  great  a  deviation  of  the  needle  as  was  obtained 
;  the  electricity  furnished   by  thirty  turns  of  a  powerful  plate 
uchine  in  excellent  action.     This  quantity,  if  concentrated  within 
-pace  of  time  constituting  only  a   minute  fraction  of  a  second, 
.  discharging  it  in  a  single  flash  from  a  Lcydcn  battery,  exposing 
.  ,'.0  square  inches  of  coated  surface,  would  have  been  sufficient 
kill  a  small  animal,  such  as  a  cat  or  a  rat ;  but  the  chemical 
-  tion  upon  the  zinc  by  which  it  was  produced,  was  fto  trifling  as 
I  Ijt!  quite  inappreciable ;  and  it  ia  estimated  by  Faraday  that  not 
■i  than  800,000  discharges,  each  equal  in  quantity  to  this,  would 
■  required  for  the  decomposition  of  a  single  grain  of  water  I     Ex- 
rrdiuary  as  this  estimate  apj)ears,  it  has  been  amply  conBrmed 
^^^^tcr  c\perimeDt8  of  Becquerel  upon  tV»  KviXi^eA-.  %.\A  ^cniv 
^^^hperimeats  of  Weber,  it  may  be  calculated,  *.V!A,  M  ^.\v«  ■s.V'^^.t 
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practic  u*'    '-iiri  "r  iecompose  a  grain  of  water 

deposi  _^^^ .      «*u    -%:c  netres  (3281  feet)  aboTCtlic 

other \^  ^        ^_        .  .7rt---i   .rce  exerted  between  the  cloud 

obstac  .      -     2c:t*^  '  ^'uld  be  equal  to  1497  tons! 

(;  r—  "is  relation  between  the  electricity 

trolvti  _    -  .  -- a^       It  ordinary  eleetrical  machine  ad- 

Genci  ..  .    -drescing  manner  by  intermediate 

the  el  _       s     r    j*.t)very  of  the  voltaic  pile,  con- 

Ivsis.  ^     -  -aTT   ut.     It  maybe  constructed  in  the 

to  Ti  _ .         .aiber  of  sheets  of  paper,  one  sur- 

to  clt  "^  .    ^     »kw--  n:ii  gold  or  silver  leaf,  and  paste 

first  '  ^^     ..AS    -  ^«?t^t  of   zinc  foil ;     when  suffi- 

^^    .    ::fte  sheets  of  paper  one  over  an- 

i:.  -  -cranked  in  one  direction  :  then  cut 

.^■xs    t  circular  disks,  and  arrange  them 

_..,  -r  .1  which  is  rather  greater  than  that 

^       :;.•:  -  X'  ihe  number  of  2000  or  upwards, 

^  ^K  «;;rdices  are  in  one  direction,  and  all 

^  ^--.  1  :iie  opposite  direction.     A  pile  ana- 

.^     i->  w  obtained;  and   if  these   disks  be 

.^•r-.ifi  at  each  cud  with  a  metallic  wire, 

t]i(  ^^    _.;nc^!ioe  of  the  leaves   of  the  gold  leaf 

w.:  ^     .-^..vr.y  of  it  is  made  to  touch  the  cap  of 

pc  .^    :r    ciier  end  is  connected  with  the  earth, 

.  j.ui   -vdy  or  by  means  of  any  other  con- 
//.  *"        ^    ^   *»fr*«\l,  and  then  presented  to  the  still 

(]  ^.    .z    caves  will  first  collapse  and  will  then 

x\  t    L-posite  kind  of  electricity.      Indeed, 

V  *  ^,_     .    -c  :wo  extremities  of  the  pile   be  bent 

I  ,    ,  -.trruinate  in  a  small  metallic  disk,  the 

(  '      .  ,^  li  1  distance  of  about  an  inch  and  a  half 

■        "     .^^   ^f^^  taken  to  maintain  their  insuhition,  an 
;  ..u    i^  suspended  midway  between  the  two 

^x'*:ir'.l$  and  forwards  between  them,  if  an 

•  i  c  .:  towards  either  side : — suppose  it   to 

,^    ,.    .-.actr.  it  acquires  a  positive  charge ;  it  is 

^.^    .  V  i's*::ve  plate,  but  is  attracted  by  the  ne- 

"■  *      ^    .  ^•*i'*  wp  its  positive   charge,   and  becomes 

.1  ^2vh  state  it  is  again  attracted  ])y  the 

i,e^  atefu^w  movement  of  the  gold  leaf  will  con- 

j^  ijr  Months  or  even  years.*     With  a  dry 


.*-*" 


^,gi«Aif«^  an  extremely  sonsitire  electroscope,  wliiA 
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pHe,  wliicli  contained  20,000  pairs,  or  disks,  of  zinc  and  silver 
I'^icT,  Sparks  Lave  Ijten  o'ltaiued,  and  a  Leyden  battery  has  been 
rliaiged  §afficiently  to  produce  shocks.  It  is  worthy  of  remark, 
iliat  these  actions  arc  produced  in  Dellic'a  column,  only  when  the 
ii:i|)cr  contains  that  amount  of  moistnre  which  is  fouud  in  it  under 
'iiiinftry  circumstances,  and  which  is  considerable,  although  it 
^^■iually  passes  unnoticed.  If  the  paper  be  artificially  dried,  the 
\.:it  loses  its  actinty,  but  again  recovers  its  energy  as  the  paper 
riT-absorbs  moisture  from  the  air.  Provided  that  tlie  two  extremities 
of  the  pile  be  insulated  from  each  other,  it  will  retain  its  activity 
unimpaired  for  years;  but  if  the  ends  be  permanently  connected 
by  means  of  a  good  conductor,  the  zinc  becomes  gradually  oxidised, 
and  the  electrical  effecta  disappear. 

Zamboni  obtains  a  more  effective  instrument  by  substituting 

tiiioly- powdered  peroxide  of  manganese  for  tliegold  or  silver  leaf. 

)iie  surface  of  the  paper  is  coated  with  ainc  or  tin-foil,  and  the 

lilting  of  peroxide  may  be  given  to  the  other  surface  either  by 

fobbing  it  on  in  a  dry  state,  or  by  applying  it  in  admixture  with 

wat£r  to  which  a   little  honey  has  been   added.     The  paper  disks 

are  arranged  in  a  column,  and  are  terminated  at  either  extremity 

fiv  a  metallic  plate.     These  metallic  plates  are  made  to  compress  the 

,  ijjcr  disks  by  means  of  ligatures  of  silk  which  pass  from  end  to 

m!  of  the  pile  and  bind  the  disks  firmly  together;  whilst  effec- 

■-  :al  insulation  ia  provided  for  by  giving  the  pile  a  non-conducting 

'    :it  of  sulphur,  which    is  easily  applied    by  a   momentary  immer- 

uu  of  the  whole  instrument  in  a  bath  of  melted  sulphur. 

(251)  Ifater  Battery. — It  has  been  ali-eady  stated  (227)  that 
I  en  with  a  single  pair  of  zinc  and  copper  plates  excited  by  diluted 
:;d,  polarizatiou  and  electric  tension  may  be  proved  to  precede 
Uie  Toltaic  cuirent,  though  the  experiment  ia  one  of  considerable 
delicacy.  These  effects  of  tension  are  strikingly  exhibited  in  the 
s  of  Deluc's  pile  j  but  they  may  be  shown  in  a  manner  still 
e  decided  by  employing  a  numerous  seriea  of  alternations  of 
B  and  copper,  each  of  which  need  expose  only  a  very  small  sur- 
\  and  may  be  excited  simply  with  distilled  water.  Such  au 
meut  or  water  battery,  consisting  of  a  thousand  couples. 
Luces,  if  insulated,  and   connected  at  each  of  its  extremities 

IDds  npon  a  modifiuation  of  this  eiperinient.  Alidnvy  between  the  two 
jfalt«d  teminatm^  diaks  of  Deluc's  pile,  he  suapendii  a  single  Rtrip  of  gold 
r^  a  netailic  wire  from  nn  insulated  plate  of  metal ;  this  gold-leaf, 
~"~BT.  is  not  new  enooeh  to  either  disk  to  touch  it.  If  «  body  with  the 
it  electrical  cbnrge  tie  made  to  tourh  (he  iiifiiilsled  plate,  the  gold-leaf 
ea  eleclrit;,  and  is  attracted  lonarda  the  oppositelj  elettrified  pole  of 
ttfile. 
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with  a  gold  leaf  electroscope,  coneiilerable  divergence  of  (tcrai 
of  each  instrument.  Such  a  battery  will  coniiniinicatc  «  chargt 
to  a  Leyden  battery :  this  charge,  though  it  rises  ouly  to  a  «nnJI 
extent,  may  be  renewed  and  discharged  for  an  indefinite  number 
of  times  in  very  rapid  succession.  The  wire  which  is  connectwi 
with  the  last  zinc  plate  of  tliis  battery  is  negative,  whiUt  that 
which  is  attached  to  the  copper  is  positive. 

Oassiot  (Phil.  Trans.,  1844,  p.  39)  has  given  an  account  of  i 
very  powerful  and  carefully  constructed  water  battery,  from  wbidi 
lie  obtained  results  of  great  interest.  This  battery  was  composed 
^^  35^0  pairs  of  copper  and  zinc  plntes,  arranged  in  separate  gliM 
vessels,  covered  with  a  coating  of  lac  varnifh  ;  the  glasA  celbwen 
supported  on  slips  of  glass  thickly  coated  on  both  &i(te«  with  efaeU 
lac,  and  these  glass  plates  were  insulated  on  vaniiuhed  oaken 
boards,  eacli  board  being  further  insulated  by  resting  ou  thkk 
plates  of  glass,  similarly  varnished.  All  these  precautions  were 
found  by  experience  to  be  necessary  in  order  to  preserve  the  insu- 
lation. When  the  conducting  wires  of  this  battery  were  brought 
within  -jV  of  an  inch  of  each  other,  sparks  were  obtained,  and  wh«i 
the  wires  were  made  to  terminate  in  brass  disks  which  wen 
brought  very  near  each  other,  a  rapid  succession  of  sparks  wm 
maintained,  which  on  one  oecasion  continued  withuut  interniptiaii 
for  five  weeks.  A  permanent  defiectiou  of  the  galvanometer  wai 
obtained  when  this  instrument  was  included  in  the  circuit  whOlt 
the  sparks  were  passing ;  under  similar  circumstauoes,  pApet 
moistened  with  iodide  of  potassium  and  included  in  the  circuit, 
speedily  gave  indications  of  the  chemical  decomposition  of  the 
iodide.  The  chemical  effects  pnxluced  by  the  water  battery  ar^ 
liowcver,  always  feeble,  but  they  are  similar  in  kind  and  in  dire^ 

Itiou  to  those  which  are  obtained  when  acids  are  employed  as  tlio 
exciting  liquid  in  the  cells ;  and  the  principal  effect  that  would  be 
obtained  if  diluted  acid  were  substituted  for  water  in  such  a  com- 
bination would  be  an  increase  in  the  quantity  of  electricity,  by  in- 
creasing the  consumption  of  zinc  and  the  chemical  action  in  cadi 
cell  in  a  given  time.  The  intensity  of  the  charge  would  DOt  bfl 
materially  affected  by  the  change  of  the  exciting  liquid.  Neither 
in  the  water  battery,  nor  iu  any  other  form  of  battery  is  the  iuleis 
sity,  as  measured  by  its  power  of  overcoming  resistance  to 
duction,  increased  by  increasing  the  size  of  the  plates. 
It  thus  appears,  1.  That  by  voltaic  arrangementa  electricil 
may  be  obtained,  exactly  similar  to  that  developed  by  the  commo 
macJiine,  in  its  effects  ottenaVonKudYiv  voducticia  towards  surroand* 
ing  objectsj  in  the  polar  c^iaiactei  ot  Vi&  wJCvQa,  mA  S-w  -Cws. 
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iTl*  Mfuiu.  of  the  electricities  accumulated  at  the  cxtremitiea  of  the 
:'l>aratus.  3.  That  the  qiiautity  of  electricity  obtaiued  by  voltaic 
:ion  iit  almost  immeasurably  greater  thau  that  procured  by  fric- 
111 ;  but  that  unless  its  intensity  be  exalted  by  using  a  very 
i:uerou3  series,  it  does  not  pass  so  readily  through  nou-conduc- 
r^  ID  the  form  of  sparks,  as  the  electrieity  of  the  coiumou 
i.ii'liine.  3.  Tliat  on  the  other  hand,  by  allowing  the  electricity 
:  the  machine  to  discharge  itself  gradually  through  very  s>mall 
j.issea  of  imperfect  liquid  conductors  which  are  susceptible  of 
!>:;trolysli,  true  electrolytic  action  may  be  produced. 

The  identity  of  the  two  forces  under  these  diScreut  degrees  of 
!;i?n&ity  no  longer  admits  of  question:  in  the  voltaic  action  the 
,  iintily  is  great,  but  the  intensity  is  feeble ;  whilst  in  the  electri- 
I'y  of  the  machine  the  reverse  is  the  case,  the  intensity  is  very 
i  ;;h,  wliiUt  the  quantity  is  extremely  small. 

(j  IV,  Electbo-Magsetism. 

{253)  Law  of  Electro-MatfnelicAc/ion; — Tangent  Gah-anonieter. 
— The  iuBuence  of  an  electric  current  upon  a  freely  suspended 
?nagnelic  needle  has  been  already  pointed  out  (221),  but  it  will  be 
needful  to  examine  the  nature  of  the  connexion  between  magne- 
tism and  electricity  somewhat  more  closely.  Mere  electricity  of 
tension,  or  electricity  in  a  state  of  rest,  has  no  inHuence  upon  a 
magnetized  bar.     It  is  only  when  the  electricity  is  in  motion  that 

■  i^  magnetic  action  is  excited.  It  baa  already  been  explained 
-;i)  that  the  direction  in  which  a  magnetic  needle  is  deflected 
'"i>end^  upon  the  direction  of  the  current;  and  it  has  been  stated 
that  when  the  needle  points  north  and  south,  and  a  wire  is  placed 
parallel  to  the  needle,  if  the  current  flow  from  soutb  to  north 
above  the  needle,  the  north  end  of  the  needle  will  move  westward. 
TIic  power  which  the  wire  exerts  upon  the  needle  is  inversely  as 
the  dlatauce  of  the  wire  from  such  needle. 

For  measuring  the  force  of  the  current,  galvanometers  of 
.  :rious  forms  have  been  employed.     When  the  power  is  extremely 

■  L'ble,  the  astatic  galvanometer  {fig.  179,)  is  well  adapted  to  the 
jurposB,  hut  in  this  form  the  value  of  the  angular  deviation  requires 
to  be  experimentally  determined  for  each  instrument.  When  the 
current  has  a  greater  ilegree  of  power  than  can  be  conveniently 
estimated  by  the  astatic  combination,  the  tangent  galvanometer  is 
frequently  employe<l.  This  instrument  is  simple,  both  in  cou- 
stru4.-ti(>n  and  in  principle.     The  conductor,  w,  fig.  205,  which  is 

^^paed  Ibr  conveying  the  current  round   the   needle,  consists  of  a 
HUb^  a>il  of  thick   copper  wire,  bent   iuto  a  eiK^ti  qI  t&kimS.  «fta. 
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Fig.  205.  foot  in  diameter.     It  is  sup- 

ported vertically  in  a  small 
table^  / ;  the  extremities  of 
the   wire,   which   are  am- 
nected  with  the  battery,  aie 
covered  with  silk,  and  pais 
vertically   downwards,   side 
by  side,  close  to  each  other, 
for  some  inches;  they  are 
thos  situated  in  the   same 
plane  as  the  coil,  and  in  the 
direction  of  a  prolongation 
of  its  radius.    The  object  of 
this  arrangement  is  to  pre- 
vent   this   portion   of    the 
wires  from  exerting  any  in- 
ttucuce  on  the  needle.  Within  the  circle,  w,  a  magnetic  needle  about 
au  inch  long  is  suspended  by  fibres  of  imspun  silk,  c,  over  a  copper 
plate  graduated  to  degrees.     In  order  to  enable  the  movements  of 
che  needle  to  admit  of  more  accurate  measurement,  its  apparent 
length  is  increased  by  fastening  a  piece  of  fine  copper  wire  to  each 
eud.    This  arrangement  is  protected  from  currents  of  air  by  means 
of  a  glass  shade.     The  point  of  suspension  of  the  needle  is  made  to 
vxnuoide  accurately  with  the  centre  of  the  circle  formed  by  the 
vvuduotmg  wire  :  at  a  is  a  screw  for  raising  or  lowering  the  needle. 
When  tlio  instrument  is  placed  exactly  in  the  magnetic  meridian, 
the  mHHllo.  under  the  influence  of  the  directive  action  of  the  earth's 
i«»^uotisui,  assumes  a  position  parallel  to  the  diameter  of  the 
oireto.     C^u  transmitting  the  current  through  the  wire,  the  needle 
n\vi^i*«^  au  impulse  which,  if  it  were  free  from  the  inductive  action 
^>t*  the  earth,  would  place  it  exactly  at  right   angles  to   the  coil : 
o\hiu^.  hv>weYor,  to  the  influence  of  the  earth,  the  needle  is  nnaUe 
exer  rtNillv  to  assume  this  position ;  but  it  takes  one  which  repre- 
^^ut^  the  n'sultant  of  the  two  forces,  and  as  the  action  of  the 
iwr;h  u\»v  be  assumed  to  be  uniform,  the  measurement   of  the 
aujtle  enable*  the  force  of  the  current  which  produces  the   devia- 
tXxHi  to  W  ealeulated.     It  may  be  demonstrated  that  the  force  of 
the  eurrtnit  is  proi>ortioned  to  the  tangent  of  the  angle  of  devia- 
tion.    The  instrument  cannot  be  relied  on  for  angular  deviations 
¥hieh  nuieh  exceed  70®;  but  for  all   currents  which  produce  a 
^)exiation  of  smaller  amount,  it  afibrds  a  convenient    measure. 
Older  forms  of  galvanometer  have  been  contrived^  which  it  will 
mil  be  necessary  to  descs\\»  m  \\i\a  n5ot>l. 
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':  J3)  Tttfluence  of  a  Cvnditclinff  Wire  in  exciting  Magnetiam, 
'."..'•  action  of  the  condiictiug  wire  upon  the  magnetic  ueedle  is 
iiicrfcrcd  with  by  interposing  a  sheet  of  glass  or  other  insu- 
r  '>f  electricity,  and  the  magnetic  in6uenee  ia  equally  transmitted, 
iiiih  a  sheet  of  copper,  of  lead,  or  of  any  other  non-magnetic 
liic  conductor  of  electricity  be  introduced  between  the  ncaUc 
iho  wire.     The  electric  current,  however,  produces  no  divcr- 
■  1'  of  the  leaves  of  an  electroseojie  which   is   brought  into   its 
.--iiily.     Not  only  docs  a  wire  which  is  conveying  electricity  affect 
■  needle  which  has   been  already  magnetized,  but  the  conducting 
irira  itself,  so  long  as  it  is  transmitting  the  electric  current,  dis- 
plays magnetic  properties.     If  a  thin   wire  of  copper,  or  of  any 
ttUwr  nou- magnetic  metal,  be  employed   to  complete  the  voltaic 
circuit,  such   a  wire  will,  for  the  time,  attract  iron  filings;   and 
the  filings  will  be  arranged  in  a  layer  of  uniform  thickness  around   , 
the  vbole  circumference  of  the  wire,  and  along  its  whole  length, 
Tlie  moment  that  the  connexion  with  the  battery   is   broken,  the 
mai^tism  ceases,  and  the  filings  fall  off;  but  the  attractive  power 
»BT  be  again  instantly  renewed  on  completing  the  circnil.     The 
iron  filings  in  this  case  become  mngnets,  the  polce  of  which   are 
■mugetl   Alternately   north    and    south   around   the    wire.       This 
arrangement  may  be  better  nuderstood  by  refer- 
ring to  fig-  206,  in  which  if  w  be  supposed  to  re-  F'"  '°'^- 
jHxsent  a  section  of  the   wire  which   is  trans- 
milting  a  current  from  +  to  —  ,  the  north  end 
of  e«ch   fragment  of  iron  would  be  arranged  as 
represented  by  the  ])oints,  w,  n,  of  the  arrows. 
IF  short  wires  of  soft  iron  be  placed  in  the  direc- 
tion of  the  arrows  around  the  wire,  they  become 
temporary  magnets,  the  north  and  south   poles 
of  which    arc   indicated  by  the  letters  n  and  s. 
If  pieced  of  steel  be  substituted  for  soft  iron  they  become  pcrma^ 
nently   magnetic ;   all   those  which  are  above  the    wire,    if   the 
eurreut  be  passing  in  the  direction  shown  in  the  figure,  will  have 
their  north  ends  to   the  left,  whilst  in  all  those  below,  the  north 
1  be  to  the  right. 
J4)    Fonnalion  of  Electro-Magnets. — We   see,   then,   that 
irt  of  the  wire  along  which  a   current  is   passing  is  mag- 
By  coiling  the  conducting  wire  into  a  ring,  a  larger  uum- 
ler  of  particles  is  brought  to  act  upon  a  piece  of  soft  iron  which 
I  through  the  axis  of  the  riug  at  right  angles  to  the  plane 
ich  it  lies ;  and  by  coiling  up  the  wire  into  a  spiral  form. 
t  tOowing  the  spires   to   touch  eac\i  ot\vCT,  a'c\6.  wv^^^'Cwj^ 
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npon  a  glass  tube,  the 

KtibiiofaTeiy  considerable 

length  of  wire  may  be  con- 

oentnted  in  a  very  effectire 

inanDer  npon  the  same  piece 

of  soft  iron,  placed  as  at « 

<  fig.  ao;.     \e^  powcrfal 

temporary     magucts    nay 

-^  lie  be  covered    with  cotton,  or, 

2  ^tt  tbe  coils   from    each  other, 

j^^  j^nented  by    winding  a   Bectnid 

^jg^^  I  third   npon  the  second,  ind 

^,  j^  cf  wire  are  coiled  around  the 

_•«  1  row  of  coils  which  follovre  the 

^^ wndd  neutralize  the   effect  pio- 

^^-^pd^ Bitless  the  current  were  revcreed 
in  its  direction  as  it  panel 
»-*  through  such  a  coil,  u  i 

.ajp^  glance    at   fig.    208  vill 

^     ill  ^^^>  where  a  represents 

11/^         a  right-handed  spiral,  b, 
^  U  \,\     ^    a  left-handed  spiral :  in 
the   straight   portions  of 
the  wire,  the  current, « 
indicated  by  the  arrow, 
flows  in  the  same  direc- 
tion in  both ;  but  it  is 
reversed   in    the   Bpirnls. 
jj^iwrimsnallytenned  a  helve.     In  preparing 
^.^  it  boot  necessary,  however,  that  the  wire 
on^,  if  the  wire  be  continuous ;  for  in- 
the  direction  of  the  thread  of  a  right- 
^  ant  layer,  as   in  a  b,  fig.  207,  the  wire  in 
j^  » to  A  will  be  formed  into  a  left-handed 
eonsequenccj  because  the  direction  of  the 
,gi^^  in  tlu«  layer,  being  now  from  n  to  a,  so 
|j  if  leffirsed  twist  of  the  wire  is  neutralized. 
^  «|uch  an  electric  current  is  passing  ia  powcr- 
^  two  BUgnetic  forces  accumulating  at  its  op- 
^    If  the  helix  be  supported  with  its  axis  in  a 
,^»  bar  of  soft  iron  be  partially  introduced 
p  M  u  electric  current   of  suGBcicnt   power  ia 
^  fte  colli  the  bar  will  start  up,  and  will  iwm 
^itf  eipidiituit  between  the  two  extremitiei 
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f  coil,  tbe  iron,  by  induction,  becoming  for  tbe  time  a  pow-1 
B&gQCt :  the   poles  of  the  iron  bar  are  of  course  exactly  the  1 
I  of  those  of  the  helix  by  which  its  magnetism  is  produced. 
most   powerful   electro-magnets,  however,   are   those  in  I 
Jie  iron  is   bent    into    the    form    of    a   horse-shoe,    and  ] 
which  an  insulating  conducting  wire  is  coiled  iii  several  I 
(vith  due  attention  to  the  direction  in  which  the  coils  arel 
In  this  way  magnets  have  been  constructed  which  are  1 
i  sustain  a  weight  exceeding  that  of  a  ton.     The  magnetism 
1  in  tbe  soft  iron,  under  tbe  influence  of  tbe  voltaic  cur- 
^ttaios    its   maximum   in  a  few    momenta.     It  ceases   as 

when    the   contact    of   the    wires  with    the  battery   is  , 
i ;  and,  by  reversiug  tbe  direction  of  the  current,  tbe  mag- 
pkrity  of  the  bar  is  instantly  reversetl. 

Molecii/ar  Movements  during  the  Magnetisation  of  Bar$.  | 

■production  of  magnetism  in  a  bar  of  iron,  and  the  ccssatioii  J 

letiam,  are  both  attended  with  molecular  motion,  wliicb  | 

»  the  whole  mass  of  iron.     Joule  has  shown  that  the  bar, 

jQmiug  ma^etic,  acquires  a  slight  increase  in  length,  and  I 

By  contracts  to  its  former  dimensions  when  tbe  magnetism  I 

the    elongation  of  the  bar   being   proportional   to    the 
■of  tbe  intensity  of  the  magnetism  developed  within  it.     It 
J  observed  by  Cuillemin   that  if  an  iron  bar  be  supported 
Bend  80  as  to  bend  by  its  own  weight,  it  becomes  straight- 
p  a  greater  or  less  extent  when  magnetised.     Werthcim  ha» 
letved  that  the  coefficient  of  the  elasticity  of  both  iron  and  I 
I  diminished  by  magnetization.       Each  time  that  the  bar 
a  magnetic  or  loses  its  magnetism,  a  distinct  sound 
,  the  note  being  similar  to  that  elicited  by  striking  one 
■  the  bar  so  as  to  produce  vibrations  in  a  longitudinal  direc- 
■The  molecular  movements,  if  repeated  m  quick  successioa  I 
dljr  making  and  breaking  contact  between  the  ends  of  thft  1 
I  the  wires  of  tbe  battery,  so  aa  rep';atedly  and  quickly  to  \ 
e  and  demagnetize  the  bar,  produce  an  elevation  of  tem- 
,  which,  as  Grove  has  shown,  is  quite  independent  of  the  J 
duced  in  the  conducting  wire  by  the  current. 

Laws  of  E/ectro-Magaelism. — Accordbig  to  tbe  re- 
a  of  Leuz  and  Jacobi,  it  appears  that  if  the  battery  current 
BOtaincd  of  a  uniform  strength — ^i.  That  the  magnetism 
,  induced  iu  any  given  bar  is  directly  proportioned  to  tbe 
t  of  coils  which  act  upon  the  bar;  it  is  a  matter  of  iiidif- 
K  whether  the  coils  be  uniformly  distributed  over  the  whole  i 
i  of  tbe  bar,  or  whether  they  be   accumulated  towards  i 
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r    -iaierer  of  the  coils  wliicli  sur- 

^--•.^    ze  result,  provided  that  the 

—.rs  strength ;  for   though  the  in- 

--b»  -i   .:t:  i>taace  of  the  magnet  from  tie 

't  _-ri     '•   zc  increased  length  of  the  wire 

""  .   ..^  r     _i-  -s  augmented   in  precisely  the 

:.    :r  *:::ckness  of  the  wire  composing 
t;  r    ?    ff-'i  upon  the  bar.     4.  That  the 

s  ^  ---         ^c^j? /;ariiM«,  proportioned  to  the 

t  -         -.•:  iirecrly  as  the  electro-motive  force 

-<: , r*  :f  the  circuit.*     5.  That  the  re- 

•;^  T..  ike  the  attractive  power  in  electri- 

.  ^*-   .1*  ie  intensity  of  the   magnetism. 

-r  ii'iriietism  induced  upon  a  solid  bar 

•.r:jiied  to  the  surface  which  the  bar 

•  ^   x>  1:  is  as  the  square  of  the  weight-t 

.  *    \;vse  a  larger  surface  than  a  solid  bar, 

-.^-  .:.\e  of  a  higher  amount  of  magnetism 

.  i.    I'ji^ht.     7.  That  the   employment  of 

-     u  :i::rj^  over  the  use  of  short  bars  tliau 

^— -..-vi-  distance  the  counteracting  influence 

.    >  :::i:i  each  other. 

-  -.  ..  ::  rreparing  an  electro-magnet  resolves 
;.:  ..  .^t  the  tliickncss  and  length  of  the 
- .  ::  produce  the  maximum  eflcct.      It  is 

>.  c-  :f  a  given  power,  the  longer  the  wire 
.  ^-varer  is  the  resistance  introduced,  so 
■^  .1  lujiis  practically  has  a  limit  beyond 

.    .•:  :/  iiicrcasing  them,  and  this  limit  is  at- 

-  ^5<.«j  resistauce  introduced  by  the  increasing 
-.^.joc*  the  gain  produced  by  the  influence  of 

-./  .:..'  bar;  the  greater  the  diameter  of  the 
.-<•.  Miill  be  the  wire  required  to  form  it, 
-.  •;•  n^sistance  of  such  a  coil  in  proportion 
,  ,vr.     Experience  shows,  that  in  order  to 


.  ,  •      -.ust  be  observed,  only  occurs  up  to  a  certain 

"*^    .  ^       -^  1 !  :r.it  to  the  amount  of  masrnotic  force  wliioh 

:.  j.o-i^  tlie  amount  of  electric  action  may  be  inde- 

.••T-K»  :-^  observations  of  Miiller,   which    pive  a 

,.    »c  :su*r.*ity  of  the  magnetism  in  cylindrical  ban 

^  .  *  .;*  .V  ^Niual  number,  proportioned  to  the  suuare  root 

^^%.  ^A"   -^t  Taa^jDLCtvsm  developed  in  a  bar  4  inches  thick 
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t  tbe  most  economical  combinatioa  ia  the  battery  in  proper- 
1  to  the  quaotity  of  materials  consumed,  when  niaguetie  power 

■  required,  the  same  rale  must  be  followed  as  when  chemical  re- 
LDce  has  to  be  overcome — viz.,  tliat  that  combinatiou  is  tbe 

,  effective   in   which  the  resistance  of  the  wires  and   of  the 
s  which  are  exterior  to  the  battery  is  equal  to  the  resistance  of 
9  liquids  and  other  tnateriats  used  in  the  coustructioQ  of  the 
itself,  or  when  in  Ohm's  Formula  {^\^ ,  =-^)  ^^^  value  of 
tmoat  nearly  approaches  05  ;  in  which  case  r  =  tiR. 

(357)  Ampire's  Theory  of  Electro-Magnetism. — It  will  be 
iaiy  to  examine  somewhat  further  the  properties  of  a  spiral 
!  which  is  conveying  a  current,  in  order  that  the  reader  may 
ft  enabled  to  understand  the  theory  of  Ampere,  by  which  he  ac- 
n&tft  for  the  mutual  action  of  magnets  and  electric  currents.  If 
mplebelis,  which  for  lightness  may  be  made  of  thin  wire,  be 
idy  suspended,  it  will,  whilst  conveying  the  current,  place  itself 

■  the  magnetic  meridian;  that  is  to  say,  it  will  point  north  and 
Bth|  and  will  be  attracted   and   repelled  by  a  magnet  which  is 

Muted  to  it,  just  as  an  or- 
tavtj  bar  magnet  would  be. 
.  209  shows  a  method  of 
Kuding  the  helix,  or  elec- 
lamic  cylinder,  n  s,  so  as 
*to  exhibit  these  effects ;  the 
wire,  a,  terminates  in  a  small 
hook,  which  dips  into  a  cup 
containing  mercury,  and  this 
-  connected  with  one  of  the 
vires  from  a  small  voltaic  bat- 
■ijy;  the  other  end,  b,  of  the 
111  dips  into  a  second  mercury 

■  np,  which  is  in  communication  with  the  other  wire  of  the  battery  : 

■  iic  magnetism  corresponding  ivith  that  of  the  north  end  of  tlic  needle  1 
.'cumulates  at  one  extremity  of  tbe  eoil,  whilst  the  opposite  mag- 
netism aceiunulatcs  at  the  other  extremity:  this  effect  necessarily 
iillows  from  the  influence  of  each  coil  upon  its  neighbours,  since 

iin-  north  side  of  every  coil  is  in  one  direction,  whilst  the  south 
kle  is  in  the  opposite.  Ampere,  who  first  pointed  out  the  remark- 
'jIc  analogy  between  an  ordinary  magnet  and  the  helix  when  coq- 

uj-ing  an  electric  current,  has  deduced  from  it  a  theory  of  the 
'>iiuexion  between  magnetism  and  electricity  which  has  satislied, 

iiitherto,  the  rigorous  requirements  of  mutWma\!vwi  3.Ti«\\%\*,  wA        ^ 
u  aita  esplaiaed  all  the   phenomena  of  e\ecl'CQ-ma;^\\t'(\%TO  '^■a^^ 
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have  as  yet  been  discovered.  Ampere  assumes  that  all  bodies 
which  exhibit  magnetic  polarity^  derive  this  polarity  from  currenti 
of  electricity  which  are  perpetually  circulating  around  the  particles 
of  which  the  magnetic  bodies  are  composed.  Around  each  par- 
ticle an  electric  current  is  supposed  continually  to  circulate ;  the 
direction  of  these  currents  is  supposed  to  be  uniform,  each  current 
circulating  in  a  plane  at  right  angles  to  the  axis  of  the  magnetic 

power.     In  fig.  2  lo,  the  currents  are  shovn 
as  at  a,  b,  c,  circulating  in  a  uniform  di- 
rection around  the  partides  of  a  bar  magnet, 
of  which  the  south  pole,  s,  is  nearest  the 
observer.     The  resultant  effect   of  these 
united  and  concordant  small  currents  would 
be  equivalent  to  that  produced  by  a  single 
current  winding  in  a  spiral  dicection  uni- 
formly  around  the  bar  which  would  occupy 
the  axis  of  such  a  spiral.     In  an  ordinary 
magnetic  needle,  which  is  pointing  north 
and  south,  the  currents  would  ascend  on  the  western  side  and 
descend  on  the  eastern.    No  definite  proof  of  the  existence  of  these 
currents  can  be  given,  nor  can  a  reason  for  the  persistence  of  such 
currents  in  permanent  magnets  be  assigned ;  but,  granting  that 
such  currents  do  exist,  all  the  mutual  actions  between  wires  which 
convey  currents  and  permanent  magnets  follow  as  a  matter  of 
necessity. 

(258)  Mutual  Influence  of  Wires  which  are  conveying  Currents. 
— We  proceed  to  point  out  one  or  two  of  these  consequences. 
When  two  wires  are  freely  suspended  near  each  other,  and  elec- 
trical currents  are  transmitted  through  them,  the  wires  wiU  be 
mutually  repulsive  if  the  currents  pass  in  opposite  directions,  but 
they  will  attract  each  other  if  the  currents  be  in  the  same  direction. 

Fig.  an  will  ex- 
plain the  reason. 
When  the  currents 
are  in  opposite  di- 
rections (No.  1}, 
the  magnetism  on 
one  side  of  the 
wires  is  exactly  si- 
milar to  that  in 
the  contiguous  nde 
of  the  second  wan, 
as  indicated  bgr  tti 


Fig.  211. 


cdtnnrcTiNQ  wire. 
The  two  F"o-  »'*- 
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■rroTs  anrangeil  round  t  and  N. 
mrth  poles  anrf  tlie  two  south  poles  con- 
"■lucntly  repel  each  other:  whereas  when 
■rii;  current  is  passing  through  the  two 
ires  in  the  same  direction,  as  shown  in 
No.  2,  the  effects  are  exactly  reversed  ;  at- 
tnetion  follows,  and  if  the  wires  be  freely 
Kwpended,  as  in  Snow  Harris's  arrange- 
ment, represented  in  fig.  212,  they  will 
place  themselves  parallel  to  each  other.  ' 
Three  concentric  troughs  containing  mer- 
cary  are  arranged  on  a  small  stand ;   the 

eurrent  passes  from  one  of  the  wires  of  the  battery  to  the 
central  trough,  returns  by  the  inner  loop  of  wire  to  the  second 
tfoiigh,  and  by  the  outer  loop  is  transmitted  to  the  exterior  trough, 
■1  iiich  is  in  communication  with  tbe  other  wire  from  the  battery. 
HiIb  attraction  between  currents  which  are  passing  in  the  same 
'icctiou,  may  be  rendered  evident  in  the  contiguous  coils  of  a 
.  lis  :  from  this  cause,  a  helix  formed  of  a  slender  harpsichord 
>ire,  shortens  itself  when  the  current  is  transmitted,  but  recovers 
If--  former  dimensions  when  the  current  is  intermitted.  Now  if  it 
be  granted  that  in  e\'ery  bar  magnet  electrical  currents  are  per- 
pctaally  circulating  around  the  particles  of  which  it  is  composed, 
in  a  direction  at  right  angles  to  a  line 
joining  the  magnetic  poles,  we  have  in  the  ^^'^-  "3- 

foregoing  experiments  an  explanation  of  the 
tendency  of  a  magnet  to  place  itself  across 
a  wire  which  is  conveying  an  electric  cur- 
rent, since  the  currents  in  the  magnet  and 
in  the  wire  assume  a  direction  parallel  to      I    1    1 

esch  other  by  such  a  movement.     Let  p  q, 

(fig.  313},  represent  a  wire  conveying  an 
,electric   current  in   the    direction    of  the 

ir;  K  will  indicate  the  north   end  of  a  magnet  in  which  the 
apposed  to  circulate  around  its  particles  would  be  parallel 
^^tlie  cnrrent  in  the  wire  p  q. 

If  the  magnet  be  stationary  whilst  tlie  wire  is   moveable,  the 

E  will  place  itself  at  right  angles  to  tbe  magnet.     In  fig.  114, 

k.jHate  of  zinc,  j:,  is  represented  as  connected  by  a  loop  of  wire  with 

r  copper  plate,  c;  both   are   suspended  in   a  tube   containing 

tnted  acid,  and  tbe  little  battery  is  made  to  float  in  a  vessel  of 

r  by  the  aid  of  a  piece  of  cork,  n.     If  the  north   end   of  a 

magnet,  n,  be  presented  towards  the  loop  in  the  direction  shown 


i 
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•:--_.   it::  rotations. 

in  the  cut,  the  wire  will  be  at- 
::aoted,  and  will  pLicc  itself 
n:  id  way  between  the  two  extre- 
mities of  the  magnet ;  but  if  tlie 
south  end  be  presented,  the  wire 

—  will  be  repelled ;  the  little  float- 

■  "■  ing  combination  will  turn  half 

-I  round  so  as  to  reverse   its  di- 

rec^tiou,  and  then  will  be  at- 
tracted, 

Motion  is  also  produced  in 

a  wire  which  convevs  a  current, 

-    . .  n-r'.v  between  the  two  poles  of  a  horse- 

•  *;ie,  the  lower  extremity  of  the  wire 

.-:^rT  connected  with  one  wire   of  the 

.  :x'k  at  its  upper  end  upon  a  metallic 

•.-;-  with  the  other  wire  of  the  batterv  : 

-  which   the   current   is  passing,  the 

::..-  jittracted  or  repelled,  by  the  simul- 

xles  of  the  magnet   on  the   oi)[)Osite 

.  ..'i  of  the  wire:  the  lower   end  will  be 

-  ^     ::*  mercury;  this  movement  will  break 
..\::v,  and  the  wire  will  then  cease  to  be 

.•..:il  it  falls  back  again  into  the  mer* 

>  bv  this  means  renewed,  and  the  same 

.  •.  i.     A  spur  wheel  or  star,  if  substituted 

^  Li.r.ner  be  kept  in  continual  revolution  ; 

•  * :  .nit,  another   enters  the  mercury,  and 

•  M  with  the  batterv,  till  it  in   its   turn 

.  •.•  Rotdions, — The  movements  just  dc- 

•  :!ies  which  the  magnet  and   the  wire 

If  the  action  of  the   electric    current 

c!':  of  the  magnet,  a  continuous  rotation 

.\  r-viuoting  wire  may  be  obtained ;  or   if 

»•;<:  the  wire  is  moveable,  the  wire  will 

...  •• 

.  ■  .;  N^o  rotations  were  first  investigated,  wiis 

.  *.-  cbsening  the  manner  in  which  a  voltaic 

-  ,  -e-no  needle  which  is  moved  in  its  vicinitv. 
.  »  re  be  placed  perpendicularly,  and  a  needle 
T  •  -^  cctvlte  he  made  gradually  to  approach  the 
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'Pbtrtnming  tte  movement  across  the  wire,  is  then  repelled  by 
llie  wire;  on  the  other  side  of  the  wire  the  needle la  repelled  where 
it  was   previously  attracted.     The 
points  indicated  in  fig.  215  by  the  Fio.  313. 

letters  a  a,  represent  the  positions         ^ ^ 

of  the  wire  when  it  produced  at-  ^;-     ,    '«b  r/    v   '^^ 

tnction ;   a   r,  those  in   which   it  «f  fA  a»  •" 

occasioned  repulsion  :  at  the  points        "'—''  * — ' 

■  and  N  midway  between  a  and  R, 

the  needie  is  neither  attracted  nor  repelled.  From  these  results 
Faraday  concluded  that  each  pole  had  a  tendency  to  revolve  round 
the  wire,  and  therefore  that  the  wire  had  a  similar  tendency  to 
n^rolve  round  the  poles ;  the  revolution  of  the  north  end  of  the 
needle,  it  was  expected,  would  be  in  a  direction  the  reverse  of  that 
.•■=umed  by  the  south  end.     Experiment  completely  verified  these 

■  -.[lectations.  The  facts  admit  of  being  shown  in  a  variety  of  forma. 

No.  i,fig.  316,  shows 
:ai  arrangement  by  which  ^J"-  ""■ 

the  magnet  may  be  made 
to  revolve  around  thefixed 
wire,  a  h  ;  f  f  are  the 
north  ends  of  two  bar 
magnets,  which  are  united 
below,  and  terminate  in 
a  pivot,  g ;  this  pivot 
works  upon  a  hard  steel 
plMt«  in  the  board,  a  b  ; 
r  (/  is  a  wooden  ring  which 
contains  mercury,  and  is 
in  metallic  communica- 
tion with  the  cup,  e.  At 
the  centre  of  each  of  the 
magnets  is  a  small  brass 

hook  which  dips  into  the  mercury  of  the  trough,  c  rf,  for  conveying 
the  current  transmitted  through  the  wire,  a  h,  which  is  supported  by 
the  arm,  c.  As  soon  as  the  connexion  of  the  cups  a  ande  is  made 
with  the  battery,  the  magnet  begins  to  rotate  around  the  wire,  a  6, 
and  continues  to  do  so  as  long  as  the  current  passes ;  if  the  direction 
of  the  current  bo  reversed,  the  direction  of  the  rotation  is  reveraed 
likewise.  No,  2  is  a  similar  arrangement  for  showing  the  rotation 
of  the  wire,  g  h,  around  the  north  end  of  the  magnet,  a  b ;  the 
current  enters  at  the  cup,  /,  divides  itself,  and  passes  down  A  and 
I  the  ring,  c  d,  which  contiiins  metcurj,  wv^.  \*  *"a,'yy«.'w^ 
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-  --S  rizL  A  B ;  the  circuit  is  completed 

^  -Tsil  ::  the  current  reverses  the  (lii"cc- 

1.  ,  irrenr  descend  in  the  wire  around 

-.^r  "  :.:=  viirection  of  the  rotation  is  the 

....  Ti:oh  lying  with  the  face  upwards. 

-^•-.-.i  through  the  upper  half  of  the 

-..-  -.•nsed,  the  bar  may  thus  be  made 

:   _::%     These  rotations  raav  also  be 

■   r«-*>:us  conductors ;  if  the  wires  from 

-  :  -  iie  to  dip  into  mercury,  the  mcr- 
;;-.  Trcs  terminate  will  rotate  rapidly 

•  \:low  the  spot.     The  flame  of  the 
•.  L^  regularity  and  distinctness  under 

-  -  Lixiiig  a  powerful  horscs>hoe  magnet 
J .    —i_?:::itting  the  current   through  the 

-t:  ::*  tiame  which  may  be  drawn  from 

,    ^  :*::e  opposite  direction  to  the  flame 

:.    t'ler  ix)lc.    This  magnetic  rotation 

_-     -  -jc  well  exhibited  when  the  induced 

.J  :s  transmitted  through  an  exhau>ted 

.   :.  !e  of  an  electro-magnet,  the  dircc- 

^  -    :r*od  with  each  reversal  of  the  mag- 

/.  Electricity y  Vol.  ii.  p.  308.) 

.    :.u^netic  condition  of  the  liquid  part 

:.     .  :  ::ront  is  passing,  is  exhibited  by  the 

^  :.   .-  .^bodience  to  the  action  of  a  magnet; 

.J:  as  follows : — Let  a  double  cvlindcr 

-  v::  in  section  at  c,  fig.  217,  of  about 
^    :  iiameter  and   three  inches   high,  be 

:  .til  capable  of  containing  liquid,  and 

•j:   :y  a  point  attached  to  a  connecting 

cr.  over  one  end  of  a  bar  magnet ;  let 

.  1110.  z,  be  supported  on  a  second  point 

:    .  ../jsumication  with  the  copper:  as  soon 

.  :   j::ai  acid  is  poured  into  the  cell,  the 

•;.,:•.:  to  revolve  around  the  magnet  in  one 

1  :.'c  the  copper  rotates  in  the  opposite; 

-   -  .s  i5oendiug  in  the  copper,  whilst  in  the 

>  j.^v^ding  aiK)und  the  same  magnetic  pole : 

::-•  icrth  end  of  the  magnet,  the  cylinder  of 

1  i  xcve  in  the  same  direction  as  the  hands 

%.^-ii  ^\ic\i  i&  lying  with  its  face  upwards. 
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'  theory  to  wliicli  allusion  has  already  been  made ;  but  it 
t  be  needful  to  pursue  this  part  of  the  subject  further. 
o)  Electric  Ttlei/raph. — The  most  important  and  remark- 
il  of  the  uses  which  have  been  made  of  electricity,  consista  iu 
^plication  to  telegraphic  purposes ;  an  application  which  has 
T  brought  distnnt  towns  upou  the  samo  island  or  continent 
vitfiia  the  means  of  instantaneous  communication  with  each  otlier, 
liiit  which  has  spaaued  the  seas,  and  placed  an  insular  metropolis 
Mb  liondoa  witbin  momentary  reach  of  the  distant  capitals  of  the 
Mbent. 

Hit  would  be  impossible  in  a  work  like  the  present,  to  give 
Rm  b  sketch  of  the  numberless  modifications  and  improvements 
fa  the  apparatus  which  have  been  suggested  or  practised  for  car- 
rying out  telegraphic  communications  by  means  of  electricity, 
liuce  the  year  1837,  which  is  memorable  as  the  period  at  which 
Cooke  and  Wheatstone  took  out  their  first  patent  for  electric 
telegmpiiing,  and  proved  to  the  world  the  possibility  of  trans- 
nittiiig  and  receiving  signals  produced  by  electricity,  with  facility 
ind  with  certainty  through  insulating  wires  of  great  length. 
)n  the  present  occasion,  an  outline  of  the  essential  parts  of  the 
jraphic  system  which  is  generally  adopted  iu  this  country  is 
that  can  be  attempted. 
!he  electric  telegraph  may  be  regarded  as  consisting  of  three 
.  The  battery,  or  source  of  electric  power,  2.  The 
r  the  means  of  transmitting  the  signals.  3.  The  telegraphic 
ator,  or  instrument  for  exhibiting  the  signals. 
.  The  Battery. — The  apparatus  for  producing  the  signals  is 
iniply  a  voltaic  battery,  any  form  of  which  may  be  used ;  but  the 
me  commonly  employed  consists  of  a  series  of  alternate  pairs  of 
opper  and  amalgamated  zinc  plates  arranged  in  wooden  troughs, 
ub-divided  into  compartments,  similar  to  those  used  with  Smce's 
lattery  (fig.  191)-  These  compartments,  after  the  plates  have  been 
irtroduced,  are  filled  with  sand,  which  is  then  moistened  with 
iiluted  sulphuric  acid.  In  this  form  of  instrument  the  risk  of 
cukage  is  diminished  and  the  amount  of  evaporation  is  lessened  : 
he  charge  requires  reuewing  once  in  ten  days  or  a  fortnight, 
ccording  to  the  frequency  with  which  the  telegraph  is  used.  An- 
ther form  of  battery  which  has  been  found  to  be  effective  for  a  long 
icTToA  consists  of  plates  of  amalgamated  zinc,  nud  gas  coke,  excited 
ly  solid  sulphate  of  mercurj' moistened  with  water;  they  are  arranged 
II  compartments,  similar  to  those  used  for  the  moistened  saud. 
■i.  The  Line.  —  The  conducting  wire  was  formerly  made  of 
;  t-r,  but  is  now  generally  made  of  iroQ  vi\tc  s^lQ^!A  o^^  <>i«t\  »& 
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ail  incli  tliick,  coated  with  zinc,  to  protect  it  from  oxidation.  IW 
the  purpose  of  insulation  tliia  wire  is  supported  upon  wooden  po»t», 
which  are  firmly  sunk  into  the  earth,  and  which  are  kept  dry  « 
the  upper  extremity  by  tneauB  of  a  cap  or  case  of  wood,  fourteen 
or  sixteen  inches  long,  between  the  sides  of  which  and  the  post  it 
an  interval  of  air.  To  the  sides  of  this  cap  short  tubes  of  porcelain, 
or  supports  of  glass,  are  attached,  and  through  these  insulating 
tubes  the  wire  passes.  Suppose  that  a  message  is  to  be  Imn^ 
mitted  from  London  to  Mauchester;  a  continuous  insulated  con- 
ducting wire  must  extend  between  the  instrument  or  battery  in 
London  and  the  instrument  at  Manchester  which  is  to  receive  the 
signals,  and  there  must  also  be  a  continuous  conducting  communi- 
cation to  complete  the  circuit  between  Manchester  and  London. 
This  return  conductor  may  consist  of  a  second  metallic  wire  which 
must  be  insulated  from  the  earth  and  from  the  first  wire,  thon^ 
it  may  be  suspended  upon  the  same  posts  side  by  side  with  the 
first.     The  earlier  telegraphic  lines  were  all  made  in  this  way. 

It   was,  however,    discovered    by  Steinheil   that    the   aecond 
metallic  wire  may  be  dispensed  with,  and  that  the  earth  itself  rnxf^ 
be  employed  as  the  conductor  for  completing  the  return 
nication  between  the  two  distant  stations.      The   possibility 
doing  this  arises  from  the  law  of  conduction  in  solids — til,  tbat 
the  conducting  power  increases  in  proportion  to  the  area  of  the 
section  of  the  conductor.     The  earth  as  a  conductor  of  elcrtrictty 
is  many  thousand  times  inferior  in  power  to  any  of  the  roetab,  if 
columns  of  each  metal  and  of  the  earth  of  equal  diameter  bo  com- 
pared.    But  it  is  possible  to  multiply  indefinitely  the  area  of  tbe 
conducting  portion  of  the  earth  between  the  two  stations,  and  thus  | 
a  line  of  communication  may  be  obtained  which  actually  often  a 
smaller  amount  of  resistance  than  the  metallic  part  of  the  circmL 
In  practice  all  that  is  found  necessary,  in  order  to  take  advantage 
of  this  conducting  power  of  the  earth,  and  to  substitute  it  Ibr  tbe   < 
return  wire  of  the  telegraph,  consists  in  leading  a  wire  from  the  i 
telegraphic  apparatus  at  one  end,  into  the  earth,  the  wire   beiof   j 
attached  to  a  plate  of  copper  which  exposes  several  square  feet  of 
surface,  and  this  copper  plate  is  buried  in  the  ground,  as  repre* 
seuted  at  p  (figs.  218,  219,  220).     By  increasing  the  sixe  of  (fail 
plate,  any  extent  of  surface  of  contact  with  tlie  earth  may  be  otw 
tained,  and  thus  the  intrinsic  inferiority  of  the  earth  to  the  metalt' 
as  regards  its  conducting  power  is  more  than  compensated  for,         j 
The  general  plan  of  this  arrangement  will  be  understood  from  ] 
_■.  218,  in  which  m  and  i  lepreseul  two  telegraphic  iustrucneDls,  j 
one  statioLcd,  we  will  suppose, m'^aa'^ifi»\«i>'ii'^^'^'^'i''5'i^^**«^'*J 
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'  ii  tho  metallic  line  or  wire  of  communication  whieh  connects 
iie  «tatioitB;  z,  is  the  earth;  aud  p,  q,  copper  plates  attached  to 


,  one  of  which  proceeds  from   each  instrument.     Suppose, 

bexample,  a  message  to  be  in  the  act  of  transmission  from  i, 

■  instrument  in  London,  to  m,  the  instrument  in  Manchester; 

I B  represent  the  battery  at  the  London  station,  the  current  will 

1  the  course  indicated  by  the  arrows ;  it  will  pass  from  c  to  a 

B  connected  witli  the  earth  plate,  p,  thence  it  will  pass  througii 

[  aoo  miles  of  earth  between  the  two  cities ;  at  q  it  will  he 

]  up  again,  and  be  transmitted  by  the  wire  to  the  instrument, 

it  will  be  conveyed  along  the  metallic  wire,  l,  and  back 

1  to  London,  wliere  it  will  pass  through  the  instrument,  i,  and 

rtum  to  the  end,  z,  of  the  battery. 

"When  it  is  impossible  to  insulate  the  conducting  wire  by  sup- 
porting it  in  the  air  on  posts,  the  whole  length  of  the  wire 
requires  to  be  covered  with  an  insulating  material.  Gutta  pcrcha 
is  found  to  be  admirably  adapted  to  this  purpose.  In  this  ease  it 
is  usual  to  substitute  copper  wires  for  the  iron  ones,  as  owing  to 
the  superior  conducting  power  of  copper,  a  wire  of  much  smaller 
diameter  can  be  employed  without  adding  to  the  resistance,  and  a 
iavingof  space  and  of  insulating  material  is  thus  effected.  The  wires, 
^Aer  having  been  covered  with  a  coating  of  gutta  percha  about 
^of  an  inch  thick,  may  be  inclosed  either  singly,  or  several  of  them 
I  by  aide,  in  iron  tubing,  to  protect  them  from  mechanical 
mmy;  they  are  then  placed  under  ground,  in  the  same  manner 
■  pipes  for  the  conveyance  of  gas  or  water,  la  the  submarine 
rapbs,  copper  wires  coated  with  gutta  percha  are  carefully 
feted  round  a  central  rope  of  tarred  hemp  into  a  compound  rope, 
which  contains  several  strands  of  conducting  wire ;  the  whole  is 
protected  by  enclosing  it  in  a  flexible  metallic  covering,  formed  by 

E^anpfiiUy  twisting  several  thick  iron  wires  around  the  compound 
UiDg   rojjfi   already    described;    t\ie   es-Vcnw  V-aa  '^^is.  '^v=. 


I 
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appearance  of  a  cable  composed  entirely  of  twisted  Iron  wire. 
cable  having  been  previously  coiled  up  in  the  hold  of  a  vessel,  and 
one  of  its  extremities  haiing  been  properly  secured  upon  the  thore, 
is  carefully  lowered  into  the  sea;  from  its  weight,  the  electric 
rope  at  once  sinks  to  the  bottom  aa  it  is  gradually  paid  out  orer 
the  ship's  side.  "When  the  opposite  shore  is  safely  gained,  the 
estremities  of  the  conducting  wire  are  connected  on  either  ude 
with  other  wires  which  are  in  communication  with  the  telegraphic 
apparatus,  and  the  signals  can  be  at  once  transmitted. 

In  eases  in  which  the  wires  are  insulated  with  gutta  percho, 
and  are  then  encased  in  iron  tubes,  or  sunk  beneath  a  body  of 
water,  it  has  been  observed  that  if  the  wire  be  connected  with  liit 
battery,  the  signal  is  not  instEintaueously  transmitted  to  the 
opposite  eiti'emity :  and  that  if  the  battery  contact  be  broken, 
there  is  not  an  instantaneous  cessation  of  electnc  action  at  the 
distant  point. 

Faraday  {Phil.  Mag.,  March,  1854)  has  shown  that  this  retarda- 
tion is  produced  by  the  actiou  of  the  current  upon  the  gutta  peidia 
insulator.  The  insulated  wire,  in  fact,  forms  a  Leyden  jar ;  the 
gutta  percha  is  the  dielectric ;  the  wire  within  forms  the  inuer 
coating,  and  the  iron  tube,  or  water  of  the  ocean  which  surrounda 
it,  forms  the  exterior  coating.  The  time  lost  at  first  is  that  which 
is  expended  in  giving  to  the  gutta  percha  its  charge ;  and  the  cur* 
rent  which  is  observed  to  continue  for  a  short  time  after  the  wire 
has  been  disconnected  with  the  battery,  is  produced  by  the  gradual 
discharge  of  the  electricity  which  had  been  commuuicuted  by 
lateral  induction  to  the  gutta  percha :  the  gutta  perclia  in  tliis 
case  becomes  polarined,  just  in  the  same  manner  as  the  glass  of 
an  ordinary  Leyden  jar.  'When  the  wires  are  suspended  in  air, 
no  retardation  of  this  kind  \a  observed ;  and  no  after  current  it 
|)crceived.  The  gutta  percha  in  such  a  case  cannot  assume  the 
polarixcd  condition,  owing  to  the  absence  of  any  conducting 
municatiou  with  its  external  surface,  by  which  the  induced  elec- 
tricity could  he  carried  off. 

Supposing  that  the  line  of  communication  has  been  established, 
yre  have  now  to  consider  :- 

3.  Thr  Instrummt  for  Exhibiting  the  Stgnali. — Tlie  indicator, 
or  iustrument  by  which  the  signals  are  exhibited,  is  essentially  a 
galvaoo meter,  )ii  which  the  astatic  needles  are  suspended  verti- 
cally, instead  of  being  placed  in  a  horizontal  direction.  A 
now  of  the  coil  is  shown  at  o,  fig,  319.  One  of  tho  di 
tbovta  vcrtioJilly  suspcudeA  ■«\tli\i\  \\',  tfve  otUw 

watcd  in  front  of  l\ic  4\ft\-vVate,t  f,  <i  ^^-^ 


direction.  A  sidfl 
e  of  tho  Dccdk^ 
It  needle,  "'j^^^l 


t    IKSTBUMENT    FOR    EXUIBITIMO    TBS    SIGNALS. 

;  slightly  heavier  at  their  lower  Fio.  ng. 

realities  tLau  at  their  upper  ones,  iii 
ider  tfast  wheu  disturbed  from  the  vertical 
'  fine,  tliey  may  again  resume  it  vphen  the 
liitturbiDg  force  ceases  to  act.  The  motions 
of  the  ueedle  to  the  right  or  to  the  left  are 
limited  by  a  little  ivory  stud,  which  projects 
r!u  either  side  from  the  face  of  the  dial : 
I  Si  of  time,  which  would  otherwise  be  oc- 
i<ioned  by  the  unnecessary  length  of  the 
i.-ciUations  of  the  needle,  is  thus  prevented. 
I  uni!  F  are  the  wires  which  communicate 
1  Jih  the  distant  station  j  c  z  is  the  battery ; 
I  is  the  handle  by  which  the  instrument  is 
oorkcd.  Fig.  220  is  intended  to  illustrate 
ii-  principle  upon  which  such  an  instrument 
-  made  to  exhibit  the  signals ;  the  details 
of  its  construction  have  been  slightly  modified  in 


that  the  course  of  the  electric  current  may  be  more 
irly  traced.  No.  i  represents  a  back  new  of  the  essential 
of  the  instrument,  when  at  rest  and  in  a  position  to 
ieiTC  a  message  from  the  distant  extremity.  In  this  position, 
wing  the  current  to  originate  from  the  distant  battery, 
f  to  enter  the  galvanometer  o  by  the  wire  l,  it  will  pass  through 
^  coil,  mil  mate  its  exit  by  the  wire  upon  l\ve  ■c\^\.\\ft»\,'«V\ii\ 
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r. 


appearance  of  a  cable  composed 
cable  having  been  previously  coil' 
one  of  its  extremities  having  been 
is  carefully  lowered  into  the  sr^ 
rope  at  once  sinks  to  the  bottom 
the  ship's  side.     When  the  op 
extremities  of  the  conducting  v 
with  other  wires  which  arc  in  ' 
apparatus^  and  the  signals  can 

In  cases  in  which  the  wir 
and  arc  then  encased  in  iroi 
water,  it  has  been  observed  th 
battery,  the    signal  is    not 
opposite  extremity:  and  th?*! 
there  is  not  an  instantaueou- 
distant  point. 

Faraday  {Phil.  Mag.,  ;^i. 
tion  is  produced  by  the  aci 
insulator.     The  insulatcii 
gutta  percha  is  the  dick . 
coating,  and  the  iron  tir 
it,  forms  the  exterior  oc 
is  expended  in  giving  !■ 
rent  which  is  observed 
has  been  disconnected 
discharge  of  the  elc« 
lateral  induction  to  • 
case  becomes  polarize 
an  ordinary  Leyden  ' 
no  retardation  of  tin 
perceived.     The  gi»' 
polarized  condition, 
munication  with  its 
tricity  could  be  car 

Supposing  that 
we  have  now  to  co 

3.  The  Insiruif 
or  instrument  by  ■  ^ 

galvanometer,  in  ' 
cally,  instead  of  b     -* 
view  of  the  coil  i^ 
shown  vertically  ? 
presented  in  froD 


,JS^ 


JIf 


along  the 
jM  ximplete  the  cir- 
MMi  the  earth  e,  by 
"Sb  latterv  shown  at 
r*  the  wires  which 
-a  insulated  pieces 
is  connected  with 
3e  transmitted  from 
3  completely  insu- 
a  signal  from  this 
2f  the  handle  h  (fig. 
pressed  against  one 
extremity  by  the 
fpring  V ;  the  current 
m>wn  by  the  arrows. 
e  wire  attached  to  p, 
,  where  the  instru- 
in  No.  I,  and  it  then 
the  current  returns 
jfflects  the  needle,  re- 
s|nring  t,  and  by  the 
i  the  wire  attached  to  z. 
3c  xovement  given  to  the 
5;  13d  the  motion   of  the 
na  in  the  near  and  in  the 
-.    As  soon  as  the  operator 
^jjnsgs,  V  and  t,  restore  the 
;  \^  I,  and  thus  the  instru- 
:2jr  the  signals   from   the 
thrown  out   of  action 
the  line  being  restored 
power  of  the  instru- 


ass  motion  of  the  needle  is 

£  both  stations,  so  that  the 

each  perceive  the  signal. 

either  to  the  right  or  to 

£  together  on  a  definite  plan 

asT  letter  or  word  may  be 

tf  Ae  upper  end  of  the  needle 

J;  A1C6  movements  in  the  same 

C;  one  to  the  right 
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Wht  more  oecdles  in  each  instrument,  a  greater 
f  signals  can  be  trauamilted  in  tlie  same  time, 

i  a  separate  conducting  wire,  tliough  t 

1  not  be  increased. 

,  Magneto- ELECTBiciTr. 
feclric  Induclion. — The  terra  volta-electric  in- 
T  Faraday  to  the  production  of  seeoudary  cur- 
cloacd  wires  obtained  by  inductive  action,  from 
snts  in  the  vicinity  of  such  closed  circuits, 
under  which  these  currents  are  formed  will  be 
by  R  description  of  an  experiment.     If  a  wire 
a  voltaic  current  is  passing  be  placed  parallel  to  a 
e  two  extremities  of  which  are  connected  with  the 
live  galvanometer,  no  perceptible  effect  is  produced 
wire,  80  long  as  the  current  passes  without  iuterrup- 
first  wire;   but  if  the  current   through    the  firat 
iry  currenl,  as  it  may  for  the  sake  of  distinction  he 
suddenly  stopped  by  interrupting  the  connexion  with 
a  tecondary  current  of  momentary  duration  is  pro- 
second  wire,  and  this  current  is  direct,  that  is  to  say, 
uue  direction  as  that  in  the  battery  wire.     On  again 
le  com muui cation  between  the  fiist  wire  aud  the  bat- 
itary  current  or  wave  of  electricity  is  again  trans- 
the  second  wire,  but  it  is  now  inverse,  or  in  the 
ion  to  the  primary  current. 

may  be  much  increased,  if  instead  of  employing 

ires,  the  wires  be  coiled  into  the  form  of  two  concentric 

tliG  wire   which   is   to  convey  the  primary   current,  or 

coil,  being  placed  in  the  axis  of  the  coil  for  the  secondary 

it,  and  the  ends  of  the  secondary  coil  being  connected  as 

with  the   extremities  of  the   galvanometer.     Under  these 

the  needle  will  receive  a  powerful  impulse  at  the 

it  the  primary  coil  is  connected  with  the  battery,  but  after 

oscillations  the  needle  will  return  to  its  original  position, 

ithstandiug  that  the  current  through  the  primary  coil  is  main- 

;  the  instant,  however,  that  the  primary  coil  is  separated 

bs  contact  with  the  battery,  a  powerful  momentary  impulse, 

Citrreut  through  the  secondary  coil  in  a  direction  the  reverse 

^be  former,  will  be  produced  upon  the  galvanometer  needle. 

Similar  etl'ects  are  exhibited  by  causing  the  primary  coil,  whilst 

transmitting  the  battery  current,  suddenly  to  approach  to- 

to  recede  from,  the  sccoii'fary  coil  which  is  in  connexion 
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with  the  galvanometer.  During  the  approach  of  the  coil,  As 
secondary  currcut  is  in  the  opposite  direction  to  the  primary  one, 
but  during  the  withdrawal  of  the  coil  the  seeondaiy  current  a  in 
the  same  direction  as  the  primary  current.  If  a  small  hplii  he 
substituted  for  the  galvanometer  in  the  sccondarj*  coil,  a  rted 
needle  may  be  magnetized  by  the  induction  of  these  instantaueoui 
currents,  and  the  intensity  of  the  magnetism  thus  induced  is  pro- 
portional  to  the  intensity  of  the  secondary  current.  By  discharging 
a  Leyden  jar  ihrougli  a  primary  coil  properly  insulated,  a  secondaiy 
current  may  he  obtained  in  the  other  helix,  but  in  tlus  caee  it  ia 
always  in  the  same  direction  as  the  current  produced  on  broskiiig 
contact  with  the  battery. 

{262}  Magneto- Electric  Induction. — Since  electricity  may  be 
made  to  elicit  magnetism,  it  seemed  reasonahle  to  expect  that  tlie 
converse  operation  of  obtaining  electricity  by  means  of 
should  likewise  be  practicable.  After  several  fruitless  nttempb  ta 
solve  this  problemj  Faraday  succeeded  in  discovering  the  condituHU 
necessary  to  ensure  the  result  [Phil.  Triitis.  1833,  p.  125}.  The 
following  experiment  will  serve  to  illustrate  these  conditions.  Let 
the  extremities  of  a  helix  of  copper  wire  be  connected  by  means  of 
wires  several  feet  in  length  with  the  two  ends  of  a  gslvanomcto', 
so  that  the  needles  shall  be  beyond  the  direct  influence  of  the 
magnetic  bars  to  be  employed.  Motion  of  a  permanent  msgiKt 
across  the  coils  of  the  helix  instantly  produces  a  current  in  tbc 
wire ;  if,  for  example,  a  bar  magnet  be  introduced  into  the  axit  of 
the  helix,  an  immediate  deflection  of  the  galvanometer  needle  '» 
produced  i  but  if  the  magnet  be  alloweil  to  remain  motionlcH 
within  the  helix,  the  needle  after  a  few  oscillations  returns  to  its 
zero ;  the  instant,  however,  that  the  magnet  is  withdrawn,  the 
galvanometer  needle  is  deflected  to  the  same  extent  as  before,  bat 
in  the  opposite  direction.  When  the  marked  end  of  a  magnetic 
bar  is  iutraduccd  into  a  right-handed  helix,  the  current  which  u 
produced  so  passes  through  the  coils  as  to  enter  the  helix  at  that 
extremity  at  which  tlie  magnet  enters ;  so  that  the  current  under 
these  circumstances  moves  in  the  opposite  direction  to  that  of  tlM 
liands  of  a  watch  which  is  lying  with  its  face  upwards. 

If  a  bar  of  soft  iron  be  placed  in  the  axis  of  the  helix,  so  long 
as  it  remains  uumagnetized  no  currcut  is  produced,  but  if  the  op- 
posite poles  of  two  bar  magnets  be  presented  one  to  each  extremity, 
of  the  soft  iron,  so  as  to  render  it  temporarily  magnetic  by  indi 
tion,   a  momeutary   current   is   produced  whilst  it  is  aoquirii 
jna^etiMn,  and  this  current    corresponds  in  direction  with  tbi 
which  would  be  octaMOwd  bj  \\Ato4\),c\\i^^VMTOto)gnRX,Ae9<ili 
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S-'tJOTTfiRpond  in  direction  with  those  of  the  temporary 

3  mauner  nlieu  two  concentric  helices  are  arranged,  ns 

e  experiment  on  rolta-electric  induction  (259),  and  a  bar  of 

1  is  placed  in  the  axis  of  the  primary  coil,  a  much  more 

rful  secondary  current  is  obtaiued  than  when  the  two  coila 

3  used;  since  the  soft,  iron  in  acquiring  and  in  losing  mag- 

I  produces  a  secondary  current,  which  in  each  caae  occurs  in 

e  direction  as  that  induced  by  the  primary  coil  alone.     If 

r  "of  copper  he  substituted  for  the   iron   bar  or   core  in  the 

JBary  coil,  the  current  is  not  stronger  than  when  the  two  coiln 

B  are  employed. 

',  as  Ampere  supposes,  a  series  of  electric  currents  are  per- 

dly  circulating  around  the  component  particles  of  a  bar  miigiiet, 

mes  at  right  angles  to  the  magnetic  asis, — the  motion  of  a 

a  the  asis  of  a  helix,  the  opposite  estrcmities  of  which  are 

UUc  commiuiicatioa  with  each  other  so  as  to  form  a  closed 

.,  must  necessarily  produce  a  current  in  such   a  helix ;  for 

'V  magnet  corresponds  to  a  helix  through  wliich  an  electric  eur- 

iit  is  passing:  experiment  shows  that  the  direction  of  the  cur- 

<  nts  induced  by  the  magnet  is  precisely  such  as  would  be  re- 

i:i:rcd  by  Ampere's  theory. 

(ifi3)  Ruhmkorff's  Induction  Coil. — The  secondary  currents 
'  Itich  are  obtained  by  magnetic  induction  possess  a  high  degree  of 
iiEcnsity;  if  the  circuit  he  broken  at  the  moment  that  the  current 
'■  passing,  a  brilliant  spark  will  be  observed  at  the  point  at  which 
the  interruption  is  occasioned. 

An  efTcctive  apparatus  for  exhibiting  these  secondary  currents 
has  been  in  use  for  several  years,  hut  it  has  recently  been  rendered 
still  more  efficient  by  Ruhmkorff.  One  of  its  forms  is  represented 
in  fig,  221,  in  which  No.  i  shows  a  vertical  section  of  the  eoil 
through  its  long  axis,  the  other  parts  being  shown  in  perspective. 
It  consists  mainly  of  two  couceutric  helices  of  copper  wire;  the 
primary  or  inner  coil,  A  a,  consisting  of  a  stouter  and  shorter  wire 
than  the  secondary  coil,  b  b,  which  is  made  of  a  very  long,  thin 
T.  ire,  insulated  by  silk,  and  each  layer  of  coils  is  carefully  insulated 
:  .iiu  the  adjacent  layers;*  M  is  a  bundle  of  soft  iron  wire  placed 
i!  the  axis  of  the  coils.  At  +  and  —  are  binding  screws  for 
iDixtiug  the  primary  coil  with  a  voltaic  battery  of  three  or  four 


m  itamnvoru  b  10  iucli  coil  the  inner  or  iirininiy  wire  iso'08954  iooh 
and  131  feet  long,  300  tums  of  wire  being  rormecl  upon  l.ho  inatrntneot- 
mter  or  lecondary  eoil  ia  0*01  jii  inch  tliiok,  aad  16,146  feel  iu  len^lb, 
*—■ ""  --  15,000  coilfl. 


::>DrcTiox  coils. 


•r  continuous  tlirouehoiit  its 


.:  i:  '-•  and  d;  rf  is  a  small 


anna- 


«  ^  *  • 


•  >.:rtaco  of  M'liich  a  plate  of  ])]atinu!.i 
.  .-uv  of  c  is  also  faced  with  plarimni:. 
•;  ourrcnt  circulates  unintcrruptallv 
.-  ::-.e  current  passes  tlirou^rli  a  a,  tli'e 
^      •;.  attracts  f/,  and  the  contact  belwdii 
.v.'iviit  immediately  ceases  to   flow 
M  disappears  instantly,  the  hamnu  r, 
'.   with    the  battery   is    immediately 
^  .      •r..i  it  immediately  falls  back  up.  >n  .-. 
^    <  .1  means  of  making  and  breakin^^  the 
^  •.".  a  minute.    A  powerful  current  i- 
■'  H,  by  each  of  these  nionientnry 
<  ;i:i  end  view  of  the   coil,  and   ex. 
•  >  by  which  the  contact  is  made  niid 
.    -/.y  in  both  cases.      The  shocks  en 
•.  iKiiuful,  and  often  dangerous,  e\v:. 
•  ..;.  instant.     A  ccmtinuous  stream  of 
:-.>!ilated  ends  of  the  secondary  win-, 
v  /  .i!V'ed  by  the  secondary  curreiit,  and 
:  -v./y  be  much  increased  by  connecting' 
-.  xT^.CAUou  of  the  Lcydcn  jar,  which  is 
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f;  Of,  tetter,  of  oiled  silk,  on  either  aide  of  which  a  sheet  of 
posted.  40  or  50  square  feet  of  coated  surface  arc  thus 
and  folded  between  two  other  bunds  of  brown  paper  or  of 
inlk,  and  packed  in  a  flat  wooden  case.  Tlic  two  coatings  are  con- 
nected with  the  binding  screws  attached  to  c  and  d  in  the  primary 
mrrent.  The  principle  of  its  action  is  not  clearly  nuderstood ;  it 
does  not  increase  the  quantity  of  electricity  in  the  secondary  current, 
but  it  adds  greatly  to  its  intensity,  and  augments  the  striking  dis- 
Unce,  so  that  by  its  employment,  and  by  increasing  the  dimensions 
of  the  coil,  paying  scmpulouH  attention  to  the  insulation  of  the  con- 
ducting wires,  sparks  of  10  or  1 1  inches  in  length  and  of  great  inten- 
■it^have  been  obtained.  The  intensity  of  this  spark  is  also  greatly 
iicreaaed  by  increasing  the  suddenness  with  which  the  continuity  of 
the  primary  wire  is  broken.  It  is  obvious  that  by  this  machine 
electricity  of  low  tension  may  be  rendered  as  intense  as  that  from 
an  ordinary  plate  machine,  whilst  its  quantity  is  much  greater. 

If  the  shadow  of  the  spark  obtained  between  the  secondary  wires 
of  a  Ruhmkorft's  coil  be  thrown  upon  a  screen  by  the  intense 
lifiht  of  the  electric  lamp,  a  cone  of  vapour  will  appear  to  issue 
from  the  point  of  each  wire,  due  to  the  unequal  refraction  pro- 
duced by  the  current  of  heated  air ;  but  the  cone  from  the  nega- 
tive wire  being  more  powerful,  apparently  beats  back  the  heated 
stream  from  the  positive  wire.  These  effects  are  the  reverse  of 
those  produced  in  the  ordinary  voltaic  arc,  in  which  the  greatest 
dispersion  of  matter  and  tlxe  highest  temperature  is  observed  to 
occur  at  the  positive  electrode  (245).  If  the  discharge  of  the 
•econdary  coil  be  allowed  to  occur  in  an  exhausted  receiver,  the 

I  lif-nomenon  of  the  auroral  light  is  exhibited  in  a  most  beautiful 
1  anncr  through  an  interval  of  several  feet.     Gassiot  has  contrived 

..  very  beautiful  modification  of  this  experiment,  by  placing  within 
ihe  receiver  of  the  air-pump  a  small  tumbler  or  beaker  lined  with 
tidfoil  about  half  way  up  the  inside.  The  receiver  should  be  open  at 
lop  for  the  admission  of  a  sliding  rod,  which  passes  air  tight  tlirongh 

II  brass  plate,  ground  to  fit  the  top  of  the  jar ;  the  sliding  rod  is 
enclosed  in  a  glass  tube,  open  at  bottom,  and  passes  down  to  the 
I'i'ideuf  the  tumbler  and  touches  the  metallic  lining.  On  exhanst< 
..z,  the  receiver  whilst  the  plate  of  the  pump  is  connected  with  c 

rininal  of  the  secondary  coil,  and  the  sliding  rod  with  the  other 
-■  riainal,  a  beantifiil  and  continuous  cascade  of  electric  light  pours 
-i?r  the  edge  of  the  tumbler  upon  the  metallic  plate  of  the  pump. 
41^  effect  is  heightened  if  the  tumbler  be  made  of  a  fluorescent 
itcrial,  such  as  uranium  glass,  and  rests  upon  a  ^\ass,  d\*U  ■«-!k?^vA 
rr  with  sulphate  of  quinine,  the  blue  fluorescence  oS  -wVv^  *; 
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traats  well  with  the  yellow  of  the  uranium.  If  thia  dii 
taken  between  two  brass  balls,  it  exhibits  a  very  interesting 
ance;  the  negative  ball  becomes  covered  with  a  quiet 
light,  whilst  a  pear-shnpcd  luminous  discharge  takes  place  from  tiiE 
positive  ball ;  between  the  two  balls  is  a.  small  interval  nearer  lo 
the  negative  than  to  the  positive  ball,  which  is  not  luminous; 
wlicn  the  exhaustion  of  the  receiver  is  very  perfect,  tlie  luminous 
portion  is  observed  to  be  traversed  by  a  series  of  dark  baiidi  or 
arches  concentric  with  the  positive  ball ;  the  presence  of  a  little 
vapour  of  phosphorus  renders  these  dark  bands  much  mon 
distinct.  (Grove.) 

The  occurreoce  of  these  bands  is  as  yet  uneiplaiiied ;  >Jot  ths 
attempts  to  trace  them  to  tlicir  cause  have  led  to  numerous  intj- 
resting  investigations  by  Grove,  who  first  obscrvetl  them,  by 
Robinson,  and  by  others,  but  particularly  by  Gassiot,  who  hii 
varied  the  experiment  in  uumherless  ways  {Phil.  TVam.,  I- 
1859).  Gassiot's  principal  method  of  procedure  has  l)een  to 
wires  of  platinum,  and  of  other  materials  of  various  sizes  and  fonat, 
into  glass  vessels  or  tubes.  These  tubes  and  vessels  were  auhse- 
qncntly  exhausted  more  or  less  completely.  Various  gaxeovi 
bodies  were  then  introduced,  and  were  afterwards  more  or  lew 
completely  removed  by  the  air-pump  :  effects  of  great  variety  mi 
beauty  were  thus  obtained.  Tlic  general  appearances  may  be 
thus  described  [fig.  222) : — If  a   long  wide  glass  tube  containing 
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iticks  of  caustic  potash,  at  p,  be  filled  with  well>dried  carbonic 
acid  gas,  and  afterwards  exhausted  by  the  air-pump,  the  re«illi»l 
carbonic  acid  will  be  gradually  absorbed  by  the  caustic  ] 
at  p.  The  effects  observed  on  connecting  the  wirea  ■♦-,— 
the  secondary  wires  of  the  Ruhmkorff's  coil,  vary  with  the  pcrfeo 
tion  of  the  vacuum.  If  the  vacuum  be  merely  that  which  can  h 
obtained  by  an  ordinary  air-pump,  no  strutificntjou  is  perceptible 
a  diffuse  lambent  light  fills  the  tube :  if  the  ntrdAction  be  a 


increases  the  breadth  of  the  bands,  as  seen  iu  fig.  222  ;  next  the 
•'irtnenta  of  light  as^urae  a  cup-shaped  or  conical  form,  fig.  223, 
Vii.  2 ;  and  by  carrying  the  rarefaction  still  further,  a  series  of 
!  iniiuous  cylinders,  of  an  inch  or  so  in  depth,  with  narrow  dark 
lines  between  them,  are  seen,  fig.  323,  No.  3.  Finally,  when 
the  vacuum  approaches  perfection,  there  is  neither  discharge, 
light,  nor  conduction.  Hence  it  would  appear  that  the  presence 
of  material  particles  is  absolutely  necessary  to  the  transfer  of  the 
electric  current. 

When  the  stratification  is  most  distinctly  visible,  a  dark  space 
will  always  be  observed  near  the  negative  pole,  which,  if  of 
platinum,  is  seen  to  be  covered  with  a  bluish  glow  of  light,  within 
which,  the  wire,  by  an  optical  illusion,  has  the  appearance  of  being 
red  hot.  Portions  of  the  negative  electrode  are  gradually  thrown 
off  in  the  form  of  fine  metallic  particles  as  the  experiment  is  con- 
tinued, and  the  wire  rises  considerably  in  temperature.  The 
appearance  of  the  stratification  varies  greatly  with  the  modifica- 
tions in  form  given  to  the  wires.  If  the  negative  wire  he  cuclosed 
within  a  capillary  glass  tube  which  is  open,  and  projects  beyond  the 
wire  for  an  eighth  of  an  inch,  or  a  little  more,  all  the  stratification 
<lisappcars,  and  a  jet  of  light  escapes  from  the  open  end  of  the 
capillary  tube,  passing  down  the  exhausted  vessel. 

These  stratified  bands  and  luminous  discharges  are  powerfully 

affected   by  the   magnet ;  if  the  negative  wire  be  undermost  in 

one  of    these  exhausted   tubes   suspended   vertically,    and   it   be 

mipletely  covered  with  a  stratum  of  mercury,  it  will  be  found  on 

iiising  one  end  of  a  magnet  to  approach  the  termination  of  the 

[jinous  bauds  in  the  direction  of  the  axis  of  the  tube,  that  t 

tification  will  become  modified,  and   will  present  an  j 
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ance  resembling  tliat  wliicli  might  be  occasioned  by  sti 

Epiral  spring,  supposing  it  were  luminous  ;  iodeed,  by  suitable  vaaxa 

the  tliscbarge  may,  aa   Delarive  has   shown,  be    mode  to  rotate 

iiid  the  magnetic  pole.  Plucker  has  shown  that  the  light  froai 
the  negative  pole  is  also  specially  affected  by  the  magnetic  forcp,  tb« 
lines  of  light  becoming  parallel  to  the  magnetic  curves ;  and  Gasiiol 
has  found,  that  by  arranging  a  tube  so  as  to  cross  the  Uue«  of  mag- 
netic force  which  emanate  from  the  poles  of  a  powerful  electro- 
magnet, he  can  instantly  aiTcst  the  luminous  discharge  by  magnet- 
izing the  electromagnet ;  but  on  breaking  the  conuexion  uf  tlio 
magnet  with  the  battery,  the  discharge  is  immediately  renewed. 

The  phenomena  aWve  described  have  recently  attracted  a  large 
share  of  the  attention  of  electricians,  from  tlicir  intimate  conuexion 
with  the  mode  in  which  the  electric  force  is  propagated  and  trass- 
mitted  from  point  to  point. 

The  stratified  light  produced  by  Ruhmkorff's  coil  is,  from  tin 
nature  of  the  apparatus,  intermittent,  as  may  be  very  oimply  ind 
beautifully  shown  by  attaching  one  of  the  vacuum  tubes  to  an  uii 
which  can  he  thrown  into  rapid  rotation,  the  two  arms  of  4e 
tube  moving  like  spokes  of  a  wheel  upon  the  extremity  of  the  axle. 
In  this  arrangement,  one  extremity  of  the  tube  is  maintained  in 
unbroken  contact  with  one  extremity  of  tlie  induction  coil,  while 
the  otlier  extremity  is  in  like  manner  coiniccted  with  the  otbet 
end  of  the  induction  coil.  As  the  rotation  proceeds,  if  the  expe- 
riment be  made  in  a  darkened  room,  the  tube  will  be  viable, 
momentarily,  several  times  during  each  rotation,  and  will  produce' 
the  appearance  of  a  star  of  light,  each  arm  of  the  star  exhibiting 
distinct  stratitied  bands,  and  appearing  to  be  stationary,  owing  ta 
the  briefness  of  the  time  for  which  it  is  visible. 

Tt  was  supposed  that  these  phenomena  of  strati  licati on 
connected  with  undulations  produced  by  the  rapidly  su< 
currents  of  the  inductive  coil.     Gassiot,  however,  has  shown 

Ithia  is  not  the  cause,  by  producing  the  stratified  appearance 
the  discharge  of  a  Leyden  jar  when  somewhat  prolonged  by  tniu- 
mitting  it  through  a  portion  of  wet  string.  He  has  also  obtained 
them  directly  from  the  water  battery  of  3500  cells  (J51),  as  wcU  a* 
from  a  scries  of  400  carefully  insulated  smalt  pairs  of  (Jrore's  eoo- 
struction,  and  connecling  each  terminal  of  the  battery  with  one  of 
the  insulated  wires  of  the  exhausted  tube.  A  beautifully  dintinet 
stratified  discharge  was  produced,  wbicb  was  not  arrested  by  tba 
introduction  of  a  voltameter  into  tlie  circuit.  Tlie  (|\iantity  of  flee- 
tricity  thus  transmitted  is  ao  ftm&ll  thttt  i\\z  amount  of  water  dBConi' 
KMsed  is  barely  perceptMe.    'SVv*  "w,  SXvi'K.^'awi^-w*.  "OMi  u^ift-^OiOBft 
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are.  OncausingtlieterniiiittlsoftheGroce's  battery  in  thceibausted 
tube  gradually  to  approach  eacli  otLer  till  within  about  an  incli  aod 
s  half,  the  true  voltaic  arc  was  suddenly  established,  aud  au  immense 
rise  of  temperature  instantly  occurred ;  but  the  interesting  point  of 
llie  experiment  was,  that  the  arc  itself  was  difitiuctly  seen  to  be  strati- 
find.  Poaaibly  the  examination  of  the  arc  with  one  of  Wieat* tone's 
rciolying  mirrors  {21 1)  might  show  that  the  stratification  is  really 
due  to  intermittent  pulses  or  vibrations  in  the  discharge.* 

(jAj  o)  Inductive  Action  of  Currents: — Henry's  Coils. — When 
the  connexion  between  the  plates  of  a  battery  is  made  by  means  of 
1  single,  long,  straight  wire,  a  brilliant  epark  is  seen  at  the  moment 
that  the  contact  with  the  battery  is  broken;  but  when  the  comiexion 
is  made  by  means  of  a  short  wire,  and  contact  is  broken,  only  a 
icry  small  spark  is  produced.  When  a  long  wire  is  employed, 
the  same  length  of  wire,  if  coiled  into  a  helis,  gives  a  much 
brighter  spark  than  when  it  is  used  merely  as  a  straight  con- 
ductor. The  brilliant  spark  which  is  observed  when  the  long  wire 
is  used,  ia  produced  by  the  inductive  action  of  the  battery  upon 
llie  electricity  of  the  wire  itself.  The  bright  spark  obtained  from 
the  battery  wire  on  breaking  contact  arises  from  a  current  which 
is  transmitted  through  the  wire  in  the  same  direction  as  that  from 
the  battery  itself.  Tliis  inductive  action  may  be  entirely  diverted, 
if  s  second  helix,  the  ends  of  which  are  in  metallic  communication 
with  each  other,  be  placed  either  within  the  primary  coil  or  exte- 
rior to  it. 

If  the  conducting  wire  be  coiled  into  a  helix  within  which  an 
iron  core  ia  placed,  the  current  on  breaking  contact  acquires  suffi- 
cient intensity  to  communicate  a  powerful  shock,  when  the  ends 
of  the  wire  are  grasped  by  the  hand  at  the  moment  that  the  wire 
is  disconnected  with  the  battery,  although  the  battery  itself  may 
be  quite  inadequate  to  produce  any  shock  when  its  extremities  are 
connected  by  a  short  wire,  A  striking  experiment  of  this  kind  is 
related  by  Prof.  Jos.  Henry  {Phil.  May.  1840,  vol.  xri.  p.  205). 
A  very  small  compound  battery  was  formed  of  sis  pieces  of  copper 
bell-wire,  each  about  i-l-  inches  long,  and  six  pieces  of  zinc  of  the 
•ame  size ;  the  current  which  this  arrangement  produced  was 
;  raiismitted  through  a  spool  of  copper  wire  covered  nith  cotton : 
"liC  wire  was  ^5  miles  in  length,  and  iVth  of  an  inch  in  diameter, 
iuul  it  was  wound  upon  a  small  axis  of  iron.    The  shock,  on  break- 


FnQ  details  of  the  nomeroas  researches  made  by  Qnet  uid  otbors  with 
'iotS's  coil  will  be  fuand  in  Du  MonceVt  Sfotica  wr  t'AyBCirtU  i'liv. 
Skehigut  tie  Buhmkorff,  4II1  edit. 
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iag  the  conuexion  with  the  little  battery,  was  distinctly  felt  si 
taneoualy  by  twenty-six  persona  who  had  formed  a  circle  by  joined  I 
hands,  and  who  completed  the  circuit  between  the  two  euds  of  the  J 
wire.  The  shock  which  was  felt  on  making  contact  with  tliel 
battery  was  barely  perceptil)le.  A  ctirrent  is  produced  od  making  I 
contact,  but  it  is  feeble,  and  in  a  direction  the  reverse  of  that  eina-  f 
ii&ting  from  the  battery.  Even  a  thermo-electric  battery  (267),  if 
the  current  which  it  yields  be  transmitted  through  the  coil,  will 

'  furnish  sparks  on  breaking  contact. 

Henryj  in  the  paper  above  referred  to,  has  made  some  interest- 
5  observations  upon  the  action  of  the  battery  current  in  inducing 
secondary  currents.  He  employed  for  transmitting  the  primair 
current  a  flat  coil  or  riblion  of  sheet  copper  about  yj  feet  long  and 
i^  inch  wide.  This  ribbon  was  sometimes  coiled  in  the  manner 
shown  at  a,  fig.  224,  sometimes  in  the  form  of  a  ring  as  shown  at 
This  coil  was  combined  under  various  circumstaneea  with  other 

'  similar  coils,  each  about  60  feet  long,  or  with  helices  of  fine  copper 
wire  of  various  lengths.  The  form  of  ribbon  is  a  very  advautageou 
one,  as  it  offers  a  large  sectional  area  in  the  conductor,  and  thus 
diminishes  the  resistance,  whilst  the  different  layers  of  the  coil  are 
approximated  to  each  other  with  the  smallest  possible  intcrvali 
between  them.  When  coiled  as  at  6,  and  a  helix  was  placed  within 
the  ring  so  formed,  each  time  that  the  current  from  tlio  batter; 
through  the  ribbon  was  interrupted,  a  secondary  currCnt  of  consi- 
derable intensity  was  obtained  in  the  helix ;  the  helix  could  be 
supported  upon  a  plate  of  glass  which  rested  upon  the  flat  coil,  and 
still  the  inductive  action  was  obtained  ;  but  if  a  metallic  plate  wen 
interposed  between  the  coil  and  the  helix,  no  secondary  current 
was  obtained  in  the  helix,  beotuse  it  was  transferred  to  the  interposal 
conducting  plate. 

By  arranging  a  series  of  coils  in  the   manner  i-cpresented  in 
fig.  Z34,  Henry  succeeded  in  obtaining  a  succession  of  induoed 
Fia,  324. 
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currents  by  their  mutual  action.     If  a  represent  the  coil  in  con- 
nexion with  the  battery,  6  and  c  arc  arranged  to  form  a  ix)utinuoiu 
coil,  through  which,  by  iuduction,  a  momentary  current  is  pro- 
daced  each  lime  that  the  canaexion  of  the  coil  a  with  the  battery  ' 
broken;  the  current  in  t  c  \,\ie\i  \icav^  &.t«A»  c«  \n.  •Owe,  ia<nA. 


a»  CCRBEKTS — m 

Now  if  two  wire  belicea  !«  connected  together 
i  placed  as  at  (f  and  e,  the  induced  current  in  c  will  produce  a 
boiul  induced  current,  or  current  of  the  third  order,  \a  d  e;  but 
■  oorrent  will  be  in  the  opposite  direction  to  that  in  b  c.  If 
f  n  libbon  coil  placed  above  e,  with  its  ends  united  by  a  small 
.t  ff,  a  third  current,  or  current  of  the  fourth  order,  will  be 
al,  but  it  will  be  in  the  opposite  direction  to  that  in  rf  e, 
I  if  the  currents  be  comiMired  together,  they  will  be  in  the 
a  following : — 

a  primary  current  (on  breaking) 

A,  e,  secondary  current     .     .     .     direct 

d,  e,  current  of  the  third  order  .     inverse 

f,  ff,  current  of  the  fourth  order .     direct. 

By  acting  upon  the  principle  just  explained,  and  carefully  I 
tiikUDg  the  coils,  currents  even  of  the  seventh  order  have  been  oh- 
tuned ;  the  successive  currents  being  nlternately  direct  and  inverse. 

Similar  currents  of  equal  amount,  but  of  lower  teusion,  are 
iiirtoincd  each  time  that  the  primary  circuit  is  completed,  hut 
■  Ije  direction  of  the  currents  in  this  case  is  reversed ;  thus  on  com- 
jiltling  the  primary  circuit  the  currents  would  be  as  follows: — '^ 

a  primary  current  (ou  making)  direct 

&,  c,  secondary inverse 

d,  e,  tertiary direct 

/,  g,  quaternary inverse ;  and  so  on. 

These  effects  are  produced  by  a  series  of  complicated  actions, 
"Iiich  atlmit  uf  being  summed  up  as  follows: — The  primary  cur- 
I'-'ut  has  the  power  of  producing  two  induced  secondary  currents 
'II  opposite  directions,  one  on  making,  the  other  on  breaking 
iiiitact;  these  currents  admit  of  being  separated  from  each  other. 
iVicy  are  equal  in  amount,  but  the  current  on  breaking  contact 

^.1*  the  highest  tension,  and  will  traverse  the  greater  distance  in 
li^'  form  of  a  spark.      Each  secondary  current  in  A  c   may   give 

;  ■•■(:  to  two  opposite  tertiary  currents  in  d  e,  but  these  currents  are 
|>arated  by  an  interval  of  time  too  small  to  be  appreciated,  be- 

■■  ■  use  the  secondary  current  itself  is  instantaneous.  These  two 
r'.iaiy  currents  arc  equal  in  quantity,  but  differ  in  tension;  the 
itiary  current  produced  by  the  cessation  of  the  secondary  being 
.1-'  stronger.  Again,  each  of  these  momentary  tertiary  currents 
ill  its  tnru  capable  of  developing  in/j  two  opposite  quaternary 
nronto,  equal  in  amount  but  differing  in  tension.  At  each  inter- 
piioa  o£ the  primacy  current,  therefore,  wc  Uave  oae  vtaXwii.'KOWSSfc 
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Bccondary  current  iu  b  c,  two  tertiary  in  d  e,  and  four  quat 
ones  infff.  If  all  these  currents  were  equal  in  tension  aa  wdl 
as  equal  in  qtiantitv,  tlicy  would  neutralize  cacli  other;  but  lince 
their  tension  is  not  equal,  a  series  of  phenomena  are  produced, 
owing  to  the  alternate  predominance  of  the  tension  of  the  currena 
moving  in  one  direction  in  one  circuit,  and  in  the  opposite  direc- 
tion in  the  succeeding  circuit. 

Henry  has  sliown  that  induced  currents  of  several  aucceMire 
orders  may  also  be  obtained  hy  the  momentary  passage  of  electii- 
city  occasioned  by  the  discharge  of  tlie  Lejden  jar. 

These  induced  currents  not  only  give  powerful  shocks,  but  thef 
magnetize 'Steel  bars  and  produce  chemical  decomposition,  fbe 
latter  may  be  shown  by  interposing  acidulated  water  or  a  soluticni 
of  iodide  of  potassium  between  platinum  wires  which  are  in  oon> 
nesion  with  the  ends  of  the  coil.  It  is  easy  to  obtain  either  car- 
Tents  of  high  intensity  such  a^  those  required  to  produce  shockA| 
or  currents  of  large  quantity  such  as  would  be  required  fur 
uetizing  steel  or  for  igniting  platinum  wire,  by  varj-ing  the  diametd 
and  length  of  the  conductor.  When  a  long  thin  wire  was  e 
ployed,  as  by  uniting  the  two  helices  as  at  rf  and  e,  a  current 
great  intensity,  producing  powerful  shocks,  was  obtained ;  but  t 
Bame  current  could  be  made  to  induce  in  the  flat  coil  /  a  canen 
of  greater  quantity,  but  of  less  intensity. 

Owing  to  these  variations  in  quantity  and  intensity,  the 
tigation  of  the  laws  of  such  induced  currents  is  complicated  am 
difficult.  Abria  {Ann.  de  Chimie,  III.  i.  jRj,  and  iii.  5)  has  pub 
lished  some  cjireful  researches  upon  them,  hut  additional  cspeii 
ments  are  still  needed. 

{364}  Amgo's  Rotations. — A  remarkable  esemplitication  of 
facility  with  which  secondary  currents  are  induced  by  ma^eti 
influence,  and  of  the  mutual  action  of  such  induced  currents, 
exhibited  by  the  following  experiments  of  Arago.  If  a  magnet 
suspended  freely  by  its  centre  in  a  horizontal  direction,  parallel 
a  circular  disk  of  copper  which  can  be  made  to  rotate  horiBoulnll 
beneath  the  magnet,  it  will  be  found,  if  the  centre  of  auspcnna 
for  the  magnet  be  directly  over  the  axis  of  the  rotating  disk,  tlu 
when  the  disk  is  made  to  revolve  with  a  certain  degree  of  vclodl 
the  magnet  begins  to  rotate  also  in  the  same  direction  as  the  diall 
and  the  more  closely  the  disk  and  the  roagiket  are  appruxinute 
tlw  more  rapid  is  the  rotation,  and  at  the  same  time  a  ropulsit 
uttifH)  ia  exerted  U|>ou  the  magnet  in  a  direction  perpendicular  I 
tha  plane  o(  the  disk.  Tlua  rotation  occurs  as  freely  wbeo  a  *faa 
IffpMpcr  ox  of  glass  is  mtM\jusei  >»*.■«(«■&  vW  Tttx^atX  wb&  S 


AftAOO  8    ROTATIONS. 

It,  Its  ivhcn  air  only  intervenes.  DUks  of  other  metata 
by  their  rotutiou  also  produce  tLis  effect  npoa  the  mngiiet,  but 
none  of  them  show  it  so  readily  as  copper;  the  facility  with  whinh 
the  effcet  is  produced  being  inversely  as  the  power  of  the  rotating 
disk  to  conduct  electric  currents.  If  a  narrow  atrip  he  cut  out  of 
tlic  Rietalhc  disk,  extending  from  its  circutDfcrence  to  the  centre, 
no  motion  will  be  produced  in  the  magnet  when  the  disk  is  made 
io  revolve;  but  if  the  cut  edges  of  the  divided  disk  be  connected 
by  soldering  a  piece  of  wire  acro&s  the  division,  the  rotation  may 
\k-  efiectcd  as  readily  as  when  the  disk  was  entire.  From  causes 
similar  to  those  which  produce  the  foregoing  results,  it  is  found 
that  if  ft  magnetic  needle  or  a  bar  magnet  be  set  vibrating  parallel 
to  the  surface  of  a  disk  of  copper,  it  will  come  to  rest  much  more 
Kpeedily  than  if  vibratiug  over  paper  or  glass. 

These  effects  were  first  satisfactonly  expMned  by  Faraday  j  he 
found  that  whenever  a  piece  of  conducting  matter  is  made  to  pass 
either  before  a  single  pole  or  between  the  opposite  poles  of  a 
ni.igDCt  so  as  to  cut  the  magnetic  curves  at  right  angles,  electrical 
L-urrents  are  produced  across  the  metal,  transverse  to  the  direction 
I'l'  motion.     For  example,  let  the  copper  disk  c,  fig.  325,  bo  made 

Fig.  225. 


to  revolve,  in  the  direction  of  the  arrowg  on  the  circumference, 
between  the  poles,  n  s,  of  a  horse-shoe  magnet,  and  let  a  wire,  10, 
which  is  connected  with  one  end  of  the  galvanometer,  j,  be  pressed 
ntjainst  the  centre  of  the  disk,  whilst  the  other  wire  w'  from  the 
Lilvanometer  rests  against  the  edge  of  the  disk  between  the  mag- 
intic  poles.  Under  these  circumstances,  a  current  will  be  found 
■..'  How  from  the  centre  towards  the  circumference  of  the  disk,  c, 
.:•/  (ieu  through  tiio  wires,  as  sUovn  Vj  t\ie  m^q.^^,    "V^'iiaia.^ 


J 
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be  made  to  revolve  in  the  opposite  direction,  the  current  will  flow 
fifom  the  circumference  towards  the  centre  of  the  disk.  Currents 
may  also  be  obtained  from  any  of  the  forms  of  apparatus  whidi 
exhibit  the  rotation  of  magnets  round  a  conducting  wire,  or  of  the 
wire  round  the  magnet^  if  a  galvanometer  be  substituted  for  the 
battery,  and  if  the  magnet  or  the  wire  be  made  to  revolve  by  hand. 

Now  let  us  suppose  that  in  Arago^s  ex- 
Fio.  226.  periment  we  are  looking  down  upon  the 

revolving  disk,  c,  fig.  226 ;  when  the  disk 
revolves  beneath  the  magnet,  it  cuts  the 
magnetic  curves  at  right  angles ;  currents 
I  are  produced  underneath  the  north  pole, 
from  the  centre  of  the  plate  towards  the 
circumference,  a,  beyond  the  pole:  these 
currents  occur  in  the  opposite  direction— 
viz.,  from  the  circumference  to  the  centre, 
underneath  the  south  pole,  and  thus  traverse  the  diameter  of  the 
plate  parallel  to  the  magnet,  returning  by  the  more  distant  parts 
of  the  plate,  as  shown  by  the  dotted  arrows.  Such  currents 
necessarily  exert  a  repulsive  action  upon  the  magnet  in  a  direction 
which  coincides  with  that  in  which  motion  is  observed,  and  no 
currents  are  obtained  until  either  the  magnet  or  the  plate  is  set 
in  motion. 

(265)  Magneto-Electric  Machines, — Various  machines  have 
been  contrived  for  the  production  of  magneto-electric  currents. 
The  most  convenient  of  these  is  Saxton's  Magneto-Electric  Machine. 
It  is  represented  in  fig.  227,  in  perspective;  fig.  228  shows  a 
section  of  the  coils  and  armature  on  a  larger  scale.  It  consists  of 
a  i>owerful  horse-shoe  magnet,  m,  placed  horizontally  upon  one  of 
its  sides :  in  front  of  its  ends  or  poles,  and  as  close  to  them  as  is 
)H>ssible  without  producing  actual  contact,  an  armature  of  soft 
in>n,  a  b,  is  made  to  revolve  upon  a  horizontal  axis,  a,  which  ad- 
mits of  being  turned  by  means  of  a  strap  passing  over  a  multi- 
plying wheel,  w.  This  armature  consists  of  two  straight  pieces  ol 
irv>u>  about  two  inches  in  length,  which,  by  means  of  a  cross  piece 
of  iron,  x,  are  connected  together  parallel  to  each  other,  at  such  s 
di^laUiV  that  they  shall  be  opposite  the  middle  of  each  pole  of  the 
tK^«^!t<^shoe  magnet.  Around  each  limb,  c,  cf,  of  the  armature,  f 
kMiy  fine  copper  wire,  covered  with  silk  to  insulate  the  coils  froa 
<i(Mii  other,  is  wound  in  several  successive  layers.  The  correspond 
iil|t  ^^^  ^  ^^^  ^f  these  helices  are  connected  together ;  one  ptil| 
t  fl  »  nuldered  to  the  spindle, «,  on  wblch  the  armature  xotaA^ 


I  ffips  into  a  cup  of  mercury,  »i,  whilst  the  other  pair  of 
',  A,  is  conuccted  with  a  stout  piece  of  copper  which  paasea 


I- ike  mis  of  the  spindle,  s,  from  which  it  is  electrically 
1,  and  terminates  in  a  slip  of  copper,  k,  placed  nearly  at 
jgles  to  the  cross  piece,  x,  which  connects  the  two  limbs  of 
I  iron  armature.    Beueatb  the  slip  of  copper,  A,  is  a  second 


f  cnp,  I,  which  can  be  made  to  communicate  with  t!ie  cup, 
ler  by  a  wire,  or  by  some  other  conductor  of  the  current, 
I  arms  of  the  slip,  k,  alternately  dip  into  the  mercury,  and  rise 
|>B  it,  and  the  points  of  contact  are  so  arranged  that  the  circuit 
^LirAea  /and  m  are  properly  conncctei,  Vft  CQm\Jvcte  %KiVi"i^ 
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be  made  to  revolve  in  the  opposite  dirt^,0iB  u  the  time  that  tbe 
from  the  circmnference  towards  the  i  '^lii  nmimnffinrrn  a  brigbt 
may  also  be  obtained  from  any  of  t1  .^^rtpits  the  mercury.  If 
exhibit  the  rotation  of  magnets  ronr  ^^j^^and  m,  be  effected  hj 
wire  round  the  magnet^  if  a  galvan  ^^  .fdirien^  h  h,  each  of  whidi 
battery^  and  if  the  magnet  or  the  w' 

Now  let 


Fio.  226. 


periment  ^'^ 

revolving 

revolves  V  _ 
.  magnetic  g^ 
I  are  prod*" 

from  th- 


with  one  of  the 
id[  be  experienced.     Ad- 
may  be  decomposed  if 
but  in  order  to  pro- 
T  to  suppress  or  turn  up 
to  lose  half  the  power  of 
each  half  revolution  are  in 


circum 
curren^^ 


V1Z.J 

underneath  the  south  pde^ 
plate  parallel  to  the  m 
of  the  plate^  as  shown 
necessarily  exert  a  rep 
which  coincides  with  tiff* 
currents  are  obtained  ur^ 
in  motion. 

(265)   MagneiO'Eler^ 
been  contrived  for  ti 
The  most  convenient  or< 
It  is  represented  iu 
section  of  the  coils  a 
a  powerful  horse-slif«. 
its  sides :  in  front  m^ 
possible  without  |»- 
iron,  a  b,  is  madej 
mits  of  being  ti 
plying  wheel,  v 
iron,  about  twc 
of  iron,  x,  are 
distance  that 


ectric  machines,  great 

of  the  coils  is  very  perfect 

a  machine  by  varying  the 

which  is  wound  around  the 

intensity  are  required,  such  ai 

r  the  decomposition  of  elcctro- 

^peferable;  but  a  much  smaller 

ig  largest  sparks,  and  will  ignite 

wire. 

iTed  magneto-electric  machines, 
janent  iu  a  uniform  direction  may 
sflie.     These  batteries  are,  in  &ct, 
machines,  similar  in  principle  to 
together  so  as  to  form  a  con- 
are  so  arranged  that  each  shall 
before  the    preceding    armature 
By  this  contrivance,  the  current 
coil  before  it  has  ceased  in  the  coil 


horse-shoe  f 
long  fine  cc 
each  other 
ing  ends 

and  tb' 


are  now  used  in  Birmingham  on  a 

jir  the  voltaic  battery  in  processes  of 

'^'^g^fUiofi*     A  single  Saxtou's  machine 

^^        Isolation,  precipitate  from  90  to  120 

Ijggi  its  solutions :  and  machines  have 

aj  ounces  of  silver  per  hour  have 

properly  prepared  for  this  mode  of 


1^  by  the  use  of  a  powerful  magneto- 
%  light  of  ^reat  steadiness  and  in- 
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iQg  as  the  niagueU  are  kept  in 
I  in  consumed. 

r's  of  compound  bar  magnets, 

1'  >rm  a  large  compound  wheel, 

L   number,  are  arrauged  in  ^ 

1^  aiKiat  half  a  mile  in  length. 

mil  the  contacts  are  so  arranged 

lit  in  the  same  direction,  varying 

;ii   tlip  amount  of  the  maximum,  in 

•  ltiin>  weigh  about  i  ton,  and  the  wheel  is 

'U  atcam  engine,  to  revolve  with  a  rapidity 

<  times  per  minute.     This  light  is  now  in 

>ltc  South  Foreland  Lighthouse,  the  actual 

>ng  the  engine  being  altout  equal  to  that  of 

while  the  light  is  far  more  brilliant. 

Thbrmo-Electricitv. 
.  due  to  the  development  of  electricity  by 
tlie  head  of  themw-ehctridtif, — a  term 
to  mind  the  manner  in  which  the  force  ori- 
The  present  section  contains  a  summaiy 
[Kirtaut  facta  which  have  been  ascertained  on  this 


j))Mttuction  to  the  passage  of  tlie  electric  current  in  a 

a  the  development  of  heat,  so  any  obstruction  to 

Eltiou  of  heat  in  a  conducting  cii'cuit  produces  a 

tricity.     This  important  result  was  first  obtained  by 

1822. 

a  of  the  wire  of  a  sensitive  galvanometer  be 

uns  of  a  straight  piece  of  platinum  wire,  this  wire 

t  any  point  at  a  distance  from  its  connexions  with 

vilhout  producing  a  current  through  the 

3  platinum  wire  he  twisted  into  a  loop,  its  mole- 

a  point  is  slightly  altered,  and  if  heat  be  applied 

B  to  the  loop  and  to  the  right  of  it,  a  current  will 

i  apparatus  from  right  to  left,  owing  to  the  iu- 

e  conducting  power,  and  the  disturbance  of  regulurity 

1  of  the  force  from  the   hotter  to  the  colder 

c  eiFects  arc  still  more  readily  produccii  by  rlividing 

'    wire  into  two  portions,  and  coiling  each  extremity  into  a  Hat 

riJ.     If  one  of  these   spirals  be  heated   to   redness,   and    lie 

jftuijfbt  iulo  contact  with  the  col^   spiral,  dellcction  of  the  uecdht 
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current  from  tlie  Letter  to  the  colder  portiun.  Hetals  sucli  a 
bismuth  or  antimony,  in  wHch  a  crystalline  structure  is  stniiiglf 
developed,  hut  which  possess  an  iufcrior  power  of  conducting  clw- 
tricity,  display  these  thermo-electric  phenomena  in  a  more  {nTfent 
degree.  If  oue  half  of  a  ring  or  rectangular  frame  eomposeil  of 
either  of  these  metals  be  heated,  and  the  other  half  be  kept  cool, 
a  current  sufficient  to  deflect  a  magnetic  needle  suspended  within  tKe 
frame  or  ring,  will  be  produced.  Metals  which  are  better  con- 
ductors, such  as  copper  and  silver,  although  they  also  show  the 
phenomena,  exhibit  it  much  less  distinctly. 

Prof.  W.  Thomson  has  shown  that  if  portions  of  a  metallic 
wire  be  etretehed  by  weights,  and  be  connected  with  other  portiocN. 
of  the  same  wire  not  so  stretched,  on  applying  heat  to  their  junC' 
tious,  a  current  is  produced  from  the  stretched  to  the  uustrctcbel 
wire  through  the  heated  point. 

If  the  rectangle  be  composed  o 
two  dissimilar  metals,  as  when  a  bu 
of  antimony,  A  a,  fig.  229,  is  sol- 
dered  to  a  bar  of  bismuth,  b  b,  the  T 
application  of  heat,  such  as  the  flame  J 
of  a  spirit  lamp,  to  one  of  the  juno^ 
tions  will  cause  defection  of  the  easM 
pended  needle,  n  s.A  bar  of  bismntH 
when  soldered  to  a  copper  wire,  wi^| 
readily  deflect  the  needle  of  a  galvftfl 
noracter  of  moderate  sensibility,  ifl 
even  the  warmth  of  the  hnnd  only  be  applied  to  one  of  the  junctionlfl 
The  earlier  researches  upon  this  subject  appeared  to  show  that  ifl 
long  as  the  resistances  in  the  circuit  continue  unchanged,  thfl 
amount  of  force  in  circulation  is  exactly  proportioned  to  the  diffin 
rencc  in  temperature  of  the  two  junctions.  Becquerel,  lelyingn 
upon  the  accuracy  of  this  datum,  has  applied  a  tliermo-electric  lairj 
of  metals  to  the  measuremeiit  of  temperature.  Amongst  other  cxpsJ 
riraents,  he  endeavoured  to  ascertain  the  temperature  of  flames ;  ibfl 
metals  which  he  employed  were  thin  wires  of  platinum  and  pnlladiotiifl 
the  j  imction  of  the  wires  was  introduced  into  different  parts  of  tbn 
flame  which,  as  might  be  supposed,  were  found  to  vary  considenbljrl 
in  temperature.  The  proportionality  of  the  current  to  the  tempo-l 
niture,  however,  only  holds  good  with  those  aou-cr)-.'5talline  tne^i  1 
wliich  do  not  oxidize  when  powerfully  heated  :  and  cveii  titcM  art  J 
liable  to  irregularity,  so  that  the  detcrmiuatiou  of  tcmperatureu 
by  this  means  must  not  he  Telii^cl  un  without  special  vcrificatbtiH 
which,  at  high  temperatures,  C8.iv  Miwrc<st3  >«  ■i'S*iifl«ai  VvSi  acawM^ 
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JStl  differences  of  temperature,  however,  the  thermo-electric 
it  or  pile  (267)  surpasses  in  sensitiveness  all  other  thermometric 
ma  at  present  in  u^e. 

i  Ifotie  of  the  junctions  of  a  thermo-electric  pair  he  miLintatncd 

>dily  at  a  low  temperature,  such  as  33°,  whilst  the  temperature 

the  other  junction  be  gradually  raised,  it  happens  with  some 

mhinatious,  that  the  current  increases  in  Intcnsitj  up  to  a  certain 

int,  then  dechties,  and  is  reversed ;  iu  the  case  of  zinc  and  silver, 

I  rise  continues  up  to  248°  F. ;  then  the  current  dcchnea,  be- 

mes  null,  and  uUimalely  is  reversed,  as  the  temperature  continues 

l^riae.    Most  probably  this  is  due  to  the  peculiar  effect  which  heat 

I  upon  the  crystalline  structure  of  zinc.     Ii-ou  and  antimony 

Ibit  the  same  cft^ct,  but  to  a  less  marked  extent ;  and  Thom- 

l  has   extended   the  observation  to  a  numl>er  of  other   metals. 

J  important  is  the  crystalhne  stnicture  in  these  arrangements, 

|fet  the  thermo-electric  power  of  bismuth  is  very  materially  re- 

1  by  the  addition  of  a  small  per  centage  of  tin,  which  impairs 

I  Jta  tendency  to  crystallize.* 

It  may  indeed  be  stated  that  when  two  dissimilar  metals  are 

■iiiiccted  in  any  way  so  as  to  produce  a  closed  circuit,  an  electric 

£:utrent  is  established  each  time  that  any  difference  in  temperature 

|,j)roduccd  between  the  two  points  of  contact ;  and  the  current  is 

UDtained  so  long  as  the  difference  of  temperature  continues. 

The  metals  may  be  arranged  in  the  following  thermo-electric 


ctnc  T 


Bismuth  Copper  and  Silver 

Platinum  Zinc 

Lead  Iron 

Tin  Antimony. 

When  heated  together,  the  current  proceeds  from  those  which 

nd  Itst  on  the  list  towards  those  wliicli  precede  them.     It  is  to 

m&rkcd  that  the  tliermo-electric  order  of  the  metals  is  entirely 

lat  from  their  voltaic  order.f    According  to  the  experimcuts 


■  Jks  imporlsut  ronnpxion  between  the  direption  of  the  planes  of  cleaTsge 

r1b«  j^''""  °^  '*'^  tlierroo-eleftric  current  in   L-rjBtalline  metals  ?rnB 

B  to  ^list  by  Bvnnlwrg.   In  bismuth  and  in  Antimony,  for  eiampki,  there 

~ tionlar  plune  of  cles^ajje  endowed  with  grealer  brilliancy  than  tile 

V  of  tliese  metals,  nhen  placed  with  this  pUtie  of  clcavaee  perpea> 

» to  the  direction  of  the  eurreat.arci  more  highly  neeHtive  Uian  when 

I  in  any  other  poaition  j  whilati  if  a  second  pjaoe  of  cleMvage,  eomewhal 

■briiUaatr  than  the  former,  be  placed  aprosa  the  line  of  current,  the  bar  is 

Sthly  positive,  thermo-electricftlly.  than  in  any  other  position. 
rttiiesHCU  has  published  (P4i(.  Tram.  \%^.)  \.W  twaUa^..^  «...      . 
'       t  of  eipcriiaenta  upon  the    thernu>-cle«lTie  oiJuiT  wii  *\itf(j-s  ^ 
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of  Wheatstone  and  Pouillet,  who  have  arrived  at  the  same  lesutt 
by  very  different  methods^  the  electro-motive  force  of  a  pair  of 
bismuth  and  copper,  when  one  junction  is  maintained  at  au^and 
the  other  at  32°  F.,  is  ^th  of  that  exerted  between  a  pair  of  coppear 
and  zinc  plates  arranged  in  voltaic  relation,  as  in  DanielFs  battery. 

Thermo-electric  circuits  may  also  be  formed  with  inferior  con- 
ductors. Nobili  brought  the  point  of  a  heated  cone  of  porcelain 
clay  into  contact  with  a  cold  cylinder  of  the  same  material,  eadi 
connected  with  the  galvanometer  by  cotton  soaked  in  a  conducting 
liquid :  the  current  passed  from  the  cone  to  the  cylinder. 

(267)  ThermO'Multiplier. — By  connecting  together  successiTe 
pairs  of  two  different  metals,  and  heating  the  alternate  joints, 
whilst  the  other  junctions  are  kept  cool,  a  thermo-electric  battery 
may  be  constructed.  The  size  of  the  elements  which  are  employed 
contributes  nothing  to  the  effect,  except  so  far  as  by  increasing  the 
area  of  the  conducting  section,  the  conducting  power  of  the  circuit 


various  bodies,  for  temperatures  usuallv  ranging  between  about  40^  and  ico° 
F.  If  the  electro-motive  force  of  the  thermo-electric  current  excited  between 
silver  and  copper  be  taken  as  equal  to  i,  (the  current  passing  from  the  ailTer 
to  the  copper  at  the  heated  junction,)  the  force  of  the  current  between  silver 
and  each  metal  in  succession  heated  to  the  same  point,  will  be  represented  hy 
the  numbers  given  in  the  following  table.  Where  the  positive  sign  is  pre- 
fixed, the  current  is  from  the  silver  to  the  other  metal  at  the  heated  junction ; 
wiien  the  negative  sign  is  prefixed,  the  current  is  from  the  other  metal  at  the 
heated  poiut  towards  the  silver.  The  substances  marked  with  an  asterisk  are 
supposed  to  have  been  chemically  pure  : — 

T/ieiTnO'Eleciric  Order  of  Metah,  ^c. 


Bismuth,  commercial,pres8- 

ed  wire 

♦Bismuth,  pressed  wire  .  . 
♦Bismuth,  cast 

Crystallized  bismuth,  axial 

Crystal  of  bismuth,  equa- 
torial   

Cobalt 

Potassium 

Nickel 

Palladium 

Sodium 

♦Mercury 

Aluminum 

Magnesium 

♦Lead,  pressed  wire  .  .  . 
♦Tin,  pressed  wire .... 

Copper  wire 

Platinum 

Iridium  . 

*Antim(mj  wire,  pressed  . 
♦Si/ver 


\ 


35-81 
3291 
24-96 

2459 

17-17 
8-97 

5*49 

356 

3*094 

2524 
1-283 

i'i75 
1*029 

I'OOO 
I 'GOG 
0723 

o'i6 

0031 

o. 


Gas  coke,  hard     .     •     .     . 

♦Zinc,  pressed 

♦Copper  voltaic  .... 
♦Caamium 

Antimony  pressed  wires    • 

Strontium 

Lithium 

♦Arsenic 

Calcium 

Iron,  piano  wire  .... 

Antimony,  axial   .... 

Antimony,  equatorial  .  . 
♦Ked  phosphorus  .  .  •  • 
♦Antimony,  cast    .... 

Alloy,  12  bismuth,  i  tin,  cast 

Alloy,  2  antimony,  i  zinc, 

cast 

•Tellurinm 

♦Selenium 


y\ 


0057 
0-208 

0244 
0*332 

1-897 
2*028 

3*7^ 

3*828 

4*260 

5-218 
6*965 

9*435 
9'6oo 

9*871 
i3<^7 

22*70 
179*8 
2900 


W  TnEBMo-MrLrirLrER. 

^tfi.  Suoli  a  battery  will  decompose  a  solution  of  \oA\A 
ibiBsiuin,  aud  Botto  states  that  with  a  pile  consisting  of  io< 
;of  platiuum  ami  iron  wire,  each  i  inch  long  aud  -r-l-^t\i  i 
1  diameter,  he  succeeded  iu  deconiposiog  even  dihite 
Jric  acid.  A  thermo-electric  current  from  a  single  pair  i 
mt  to  convulse  the  limbs  of  a  -frog.  The  principle  of  t 
{ement  by  which  a  thermo-multipVurr  or  thermo-electric  bat 
iB*y  be  constructed  is  shown  in  f5g.  330 ; 
He  series  of  junctions,  a  high  tcmpera- 
,to  the  other  a  low  teuiperature  may  be 
Cd ;  the  shaded  bars,  a,  represent  bai-a  of 
tony,  tliose  in  outliucj  b,  mdicatc  bars  of 


ith. 


The  intensity  of  such  a  current,  _ 


KT,  IB  comparatively  feeble,  and  the  re 

I  which  it  experiences  in  traversing 
metallic  conductors  of  considerable  dia- 
',  SQch  as  the  metallic  bars  themselves 
1  are  used  in  the  eonstrtictiou  of  the  bat- 
I'Mriously  reduces  its  power.  A  very 
;  «ail  effective  thermo-electric  pile  may 
ide  of  wires  of  iron  and  German  silver. 
i  and  Mclloni  applied  a  thermo-electric  battery,  cousistinj 
lin  of  smnll  bars  of  bismuth  aud  nnliinony,  to  thermometi 

s.      Such  a  battery  was  employed  by  Melloui,  in  his  invi 

5  on  radiant  heat,  to  the  exclusion  of  almost  every  otl 
wecopic  means.  When  the  alternate  junctions  of  the  bi 
1  end  of  the  pile  were  covered  with  lampblack,  a  coating  wi 

I  which  aljsorhed  the  radiations  proceeding  from  a  surface 
anperature  of  which  was  much  below  that  of  the  human  body  ; 
itbe  amount  of  radiant  beat  emitted  by  insects  could  be 
1  by  connecting  this  battery  with  a  galvauometer  of  extri 
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be  conducting  power  of  red  phosphorus  and  of  scleni 
|ht  that  neither  of  them  can  I>e  used  for  the  construction  c 
»■  electric  piles:  that  of  tellurium  is  also  small,  but  it  i 
mt  to  admit  of  its  use,  and  its  electromotive  power,  nhej 
1  tliermo-clectiically  to  bismuth,  is  so  great  that  a  pile  c 
of  8  pairs  of  these  elements,  where  the  alternate  junctioi 

CeQoni  used  h  galvnnonietcr  formed  of  copyer  wire  Jglb  of 
r,  about  8  ynrd»  lon^.  aud  arranged  around  the  Mtatic  noedica 

_  lione.     Mui'li  of  the  BfD«iliTCDe&t  of  the  instrument  dcpendr 

\qaalhy  of  the  mAifnel'iztitwa  of  the  two  iieeA\e«-.  \.Ve  wim^ 
vqnin  from  55  to  60  euconds  ia  order  to  com^Xet*  »»  c*c\\\i 


452  peltieb's  thebmo-blectbic  expebiments, 

are  heated  to  a  12°^  whilst  the  others  are  cooled  to  32^^  will  deoom* 
pose  a  solution  of  sulphate  of  copper ;  aud  Matthiessen  estimatei 
the  electro-motive  force  of  100  pairs  of  such  a  pile  as  equal  totfait 
of  4  cells  of  Daniell's  arrangement. 

(268)  In  connexion  with  these  thermo-electric  effectSi  a  curioDi 
observation  was  made  by  Peltier  [Ann.  de  Chimie,  II.  Ivi.  379^  and 
Ixxxi.  301) : — when  a  weak  current  of  electricity  was  transmitted 
through  a  compound  bar  of  bismuth  and  antimony^  from  the  antl* 

mony  to  the  bismuth^  as  in  No.  i^  fig. 
Fio.  231.  231,  a  thermometer,  placed  at  the  point 

ji      c     A of  junction,  was  observed  in  one  eip^ 

nment  to  rise  80^  ¥.,  but  when  tbe 


e 


^  J  current  was  reversed,  as  in  No.  2,  the 

temperature  fell  6^*5  F.  In  some  later 
experiments,  Peltier  succeeded  even 
in  freezing  water  placed  in  a  cavity 
drilled  at  the  point  of  junction  of  the 
two  metals,  when  the  bar  was  cooled 
to  32®  by  immersion  in  snow.  When 
feeble  currents  of  equal  intenaity  are 
transmitted  through  a  compound  me- 
tallic bar,  whatever  metals  be  employed,  there  is  a  difference  in  the 
temperature  at  the  points  of  junction,  according  to  the  direction  in 
which  the  current  is  passing ;  the  amount  of  the  difference  of  tern- 
perature  varying  with  the  metals  which  are  used.  The  rise  of 
temperature  occurs  almost  uniformly  when  the  current  passes 
through  the  two  metals  in  the  same  direction  as  that  in  which  the 
thermo-electric  current  would  be  produced  by  elevation  of  tempe- 
rature.* For  example,  there  is  a  rise  of  temperature  when  the 
current  passes  from  iron  to  zinc,  from  iron  to  platinum,  from 
iron  to  copper,  from  zinc  to  copper,  from  copper  to  bismuth,  and 
from  antimony  to  copper  j  but  when  the  current  is  reversed 
between  the  same  pairs  there  is  either  a  much  smaller  elevation, 
or  in  some  cases  even  an  actual  depression  of  temperature.  This 
subject  has  been  discussed  at  great  length  by  Clausius  and  by 
Thomson,  in  their  researches  on  the  mechanical  theory  of  heat. 

§  VII.  Animal  Electricity. 

(269)  Some  fish,  particularly  the  torpedo,  and  the  electrical 
eel  {ffymnoius  electricus)  have  the  remarkable  power  of  giving  eleo- 


*  An  exception  is  preseiited.  Vn  t\ie  c«a«%  ol  \Mji  veJSl  «Rm^^«DiiH* 
copper,  in  which  the  current  la  tow w^  ^^  «STO«  ^smBL^te>ftMla^«i) 
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ffsTiocks  nt  pleasure,  by  meana  of  an  apparatus  specially  adapted 
*  B  purpose. 

i  torpedo,  which  is  a  species  of  ray,  is  a  flat  fish,  tolerably 
ulant  in  the  Mediterranean ;  it  is  provided  with  two  electrical 
1  situated  one  on  each  side  of  the  spine,  near  the  head,  occu- 
{  the  whole  thickness  of  the  fish  j  these  organs  are  supplied 
li  lai^e  thick  nerves;  and  it  has  been  found  that  on  cutting 
!  nerves  all  voluntary  electric  power  ceases :  but  according  to 
ktteacci,  the  irritation  of  that  end  of  the  cut  nerve  which  is 
iched  to  the  organ  in  a  lively  torpedo,  occaisions  the  electric 
diarge,  and  even  irritation  of  detached  portions  of  the  organ 
■  contraction  in  the  limb  of  a  frog  recently  killed,  if  the 
I  nerve  of  the  frog  be  allowed  to  rest  upon  the  or^n  of  the 
The  structure  of  the  electrical  organs  is  gelatinous,  and 
t  material  is  divided  by  membranous  septa  into  400  or  500 
t,  which  have  some  resemblance  to  grains  of  rice  in  appear- 
;  theae  columns  run  from  the  dorsal  to  the  ventral  surface  of 
,  and  are  about  the  thickness  of  a  goose-qiiill ;  the  dorsal 
1  is  positive,  the  ventral  negative.  The  electricity  is  moat 
f  developed  just  at  the  points  where  the  nerves  enter  the 
'  "fgan  ;  a  powerful  shock  is  received  on  simultaneously  touching  the 
'i  vi'k  and  the  belly  of  the  fish  at  any  part,  hut  the  shock  obtained 
■  j^trougest  immediately  over  the  two  organs,  A  weaker  shock  is 
i  \pericnccd  on  touching  different  parts  even  of  the  same  surface, 
•  :rice  the  electric  charge  differs  in  intensity  at  different  points 
t  the  same  surface.  Frequent  discharges  exhaust  the  animal 
ijuickly:  the  frequency  of  this  discbarge  is  under  the  control  of 
the  animal,  but  not  its  direction.  The  electric  discharges  of 
Ibe  torpedo  are  partly  dissipated  when  the  fish  is  immersed  in 
water,  by  the  conducting  power  of  this  liquid,  and  Matteucci  esti- 
mated that  in  air  the  shock  given  by  the  animal  is  four  times  as 
[jowerful  as  when  it  is  in  water. 

{370)  lu  the  gyninotus,  which  is  a  fresh-water  fish,  tolerably 
abaudaut  iu  the  marshes  of  Surinam,  and  in  the  tributaries  to  the 
Orinoco,  there  are  four  electrical  organs,  a  large  and  a  small  one 
on  each  side,  running  from  the  head  to  the  tail  of  the  animal. 
These  organs,  hke  those  of  the  torpedo,  are  supplied  with  large 
nwves,  and  have  a  membranous  structure,  the  septa  running  in  a 
more  or  less  longitudinal  direction  from  the  head  towards  the  tail. 
S  longer  the  column  that  produces  the  shock  the  greater  is  the 
t  of  the  electric  discbarge :  the  anterior  portions  of  this  animal 
ft  pontive  to  the  jxMterior,  so  that  tbe  sttOQgwX  ^Wa^ts.  wfc  ^a- 
i  by  touchiag  the  fish  simultaoeoasVy  hcm  \Sift\iC^  -KtA-TiBSx 
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the  tail ;  but  shocks  more  or  less  intense  may  be  obtained  from 
anr  part  of  the  body,  if  the  hands  be  separated  for  a  short  distance 
in  the  direction  of  the  head  and  tail  of  the  animal ;  scarcely  any 
shock  is  felt  if  the  hands  be  placed  one  on  each  side  of  the  fish  aft 
the  same  distances  from  the  head  or  the  tail.     So  great  is  the 
electric  energy  of  the  animal,  that  the  specimen  which  was  exlii- 
bited  in  the  Adelaide  Gallery,  40  inches  in  length;  was  calcolated 
by  Faraday,  at  each  medium  discharge  to  emit  as  great  a  force  as 
the  highest  charge  of  a  Leyden  battery  of  fifteen  jars^  expoong 
J500  square  inches  of  coated  surface.    Shocks  differing  in  intensity 
with  the  position  of  the  observer  and  his  distance  from  the  fish, 
were  felt  in  all  parts  of  the  tub  which  contained  it ;  this  tub  was 
46  inches  in  diameter.    The  shocks  from  the  gymnotus  have  power 
su£Bcient  to  kill  or  to  stun  fish :  the  same  discbarge  produces  a 
more  powerful  effect  upon  a  large  fish  than  it  does  upon  a  small 
one,  since  the  larger  animal  exposes  a  larger  conducting  sur&ce 
to  the  water  through  the  mass  of  which  the  electricity  is  passing, 
and  consequently  it  receives  a  more  violent  shock.     On  one  occa- 
sion  when  a  live  fish  was  put  into  the  tub,  the  animal  was  seen  by 
Faraday  to  coil  itself  into  the  form  of  a  semicircle,  the  fish  lying 
aeroc^  the  diameter :  this  position  was  the  one  most  favourable  to 
the  full  effect  of  the  electrical  discbarge;  an  instant  afterwards  the 
fish  floated  motionless  upon  its  side,  deprived  of  life  by  the  shock 
which  it  had  received,  and  was  then   speedily  devoured  by  the 
ffvmnotus. 

The  shock  of  both  the  torpedo  and  the  gymnotus  gives  rise  to 
momentary  currents  sufficient  to  deflect  the  galvanometer,  to  mag- 
netize a  needle,  and  to  decompose  iodide  of  potassium :  from  both 
si)ccies  sparks  have  also  been  obtained  between  two  insulated  gold 
leaves,  proj^erly  connected  with  the  fish. 

(271)  The  Muscular  Current  in  Living  Animals. — The  re- 
^^arches  of  ^lattcucci  have  shown  that  in  the  living  animal  an 
ckvtrical  current  is  perpetually  circulating  between  the  internal 
(.vrtiou  of  a  muscle,  and  it^  external  surface ;  a  current  due  pro- 
bably to  the  chemical  actions  which  are  produced  by  the  vital 
c^i^i^'^  which  are  continually  occurnDg  in  the  organic  tissue, 
Hiis  wnj^Wiir  CHtrent,  as  it  has  been  termed,  ceases  to  manifest 
^;>A>i^  :u  warm-blooded  animals  in  a  very  few  minutes  after  the 
i;!^  ^'  tbbc  tnitire  animal  has  terminated;  but  in  cold-blooded 
.%iuiiM2i»^  a»i  ^t!|»ccially  in  the  frog,  it  continues  for  a  much  longer 
K«K)a%  Vx^  tXHitractility  also  continues  in  these  animals  for  a 
gi«toQ^  MWU  t^AU  m  ihfi  big|bsex  otdeta  of  the  vertebrata^  and 
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jxtensively  employed  ia  rcsearclies  of  this 


S%e  frog  has  beea  e 
riptjon. 

B  following  b  one  of  the  forms  of  experiment,  devised  by 

teucci,  to  show  the  existence  of  the  muscular  current.     Five 

c  frogs  are  killed  by  dividing  the  spinal  column  just  below 

the  lower  limbs  are  removed    and    the   integuments 

npped  oft  them  ;  the  tbighs  ai-e  nest  separated  from  the  legs  at 

e  knec-jointj  and  are  cut  across  transversely.     The  lower  halves 

these  prepared  tbighs  are  then  placed  upon  a  varnished  board, 

i  so  arranged  that  the  knee-joiut  of  oue  limb  shall   be  in  con- 

t  with  the  transverse  section  of  the  next,  and   thus  a  muscular 

I  formed  consisting  of  ten  or  twelve  elements ;  the  terminal 

S  of  this  pile  are  each  made  to  dip  into  a  separate  small  canity 

e  board,  in  which  a  little  distilled  water  is  placed.    If  the  wires 

ft  sensitive  galvanometer  be  attached  to  a  pair  of  platinum  plates, 

J  plates  be  plunged  simultaneously,  one  into  each  cavity 

lonexion  with  the  muscular  pile,  a  deviatiou  of  the  galvano- 

r  needle  will  be  observed  in  a  direction  which  indicates  the 

3  of  a  current  passing  from  the  centre  or  cut  transverse 

3  of  the  muscle  towards  its  exterior, 

s  Reymond,  by  the  use  of  still  more  sensitive  instruments, 

lOwn  that  even  the  smallest  shreds  of  muscular  tissue  exhibit 

f  the  existence  of  such  a  current,  and  the  conclusion  which 

s  from  his  experiments  is  the  following^.     Any  point  of 

■natural  or  arti6cial  longiludinal  section  of  a  muscle  is  posi- 

'  I  relation  to  any  point  of  the  natural  or  artificial  transverse 


Interesting  as  this  subject  ia  in  a  chemical  point  of  >-iew,  in 
ation  with  the  changes  which  take  place  in  the  circulating 
,  it  would  be  irrelevant  to  our  present  purpose  to  pursue  it 
'.  The  question  Ijelongs  more  properly  to  the  physiologist 
J  the  chemist ;  and  the  reader  who  desires  fuller  iuforma- 
1  this  branch  of  inquiry  is  referred  to  the  various  papers 
Uottciicci,  in  the  Annates  de  Chimie,  and  the  Philosophical 
ictiona,  and  to  the  work  of  Dubois  Beyraond,  or  to  the  more 
t  systematic  treatises  on  physiology. 

(  Vni.  Magnetic  Polarization  of  Light — Diamagnetisu. 
P{273)   Influence  of  Magnetism  on  Polarised  Light   transmitted 
VncrystalUzed   Transparent    Bodies. — Allusion    has    been 
t  quMle  ()  3  [)  to  a  pccidiar  kind  of  polarization  to  which  light 
» transmitted  through  certain.  tiaosijsxQai 
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whict  are  under  tlie  influence  of  magnets  of  high  power.  Some 
transparent  bodies  are  better  fitted  than  others  to  exhibit  this  phs- 
somcnon.  Some  jeara  ago  Faraday  prepared  a  peculiar  kind  of 
glass  for  optical  purposes ;  it  consisted  of  a  miiiture  of  silicate  aod 
borate  of  lead,  and  was  much  denser  than  ordinary  ttint  gli»; 
this  glass  is  particularly  well  adapted  to  display  the  effects  of  mag- 
netic polarization.  Let  a  piece  of  this  glass  which  has  been  pro- 
perly annealed  be  cut  into  the  forna  of  a  rectangular  bar  or  prism, 
terminated  by  flat  parallel  faces ;  and  let  it  be  placed  bctwoeu  the 
poles  of  a  powerful  electro-magnet  not  in  action,  the  axis  of  tbe-i 
prism  being  parallel  to  a  line  which  joins  the  two  polos, — ill  Act, 
in  the  direction  of  the  keeper  of  a  horse-shoe  magnet.  A  nj  of 
polarized  light  may  be  transmitted  along  the  axis  of  the  glass  bar, 
and  if  examined  by  an  analysing  plate  in  the  usual  manner  (i  14) 
the  light  will  disappear  when  the  plane  of  reHectiou  from  the 
Jysing  plate  is  at  right  angles  to  the  plane  of  polarization. 
now,  whilst  the  polarized  ray  is  at  the  point  of  maximum  oliscuri 
tion,  the  soft  iron  be  magnetized  by  the  action  of  the  battery 

light  will  instantly  reappear,  and,  if  white 
light  be  used,  the  retleeted  ray  will  be  coloured. 
The  moment  that  the  connexion  with  the  but- 
tery is  broken,  the  light  will  disappear,  aniM 
will  again  become  visible  each  time  that 
iron  is  rendered  magnetic.  If  tlie  north  ri 
of  the  magnet  be  towards  the  obscr^'cr,  the 
rotation  of  the  plane  of  polarization  ia  to  tho 
right,  as  represented  in  fig,  232,  No.  i,  bi 
if  the  direction  of  the  magnetism  be  reversed,  so  that  the  soutltj 
end  is  nearest  the  observer,  the  rotation  is  tu  the  left,  as  in  No.  J< 

Different  bodies,  when  placed  between  the  poles  of  an  elc( 
magnet,  possess  this  property  of  causing  the  ray  to  rotate  in  dit 
ferent  degrees,  bnt  all  singly  refracting  solids  and  liquids  maoifeit 
it :  in  magnetized  gases,  and  in  vacuo,  no  such  effects  have  1>eea 
discovered.  The  extent  of  the  rotation  is,  ceettrii  paribta,  dtracU; 
as  the  intensity  of  the  magnetism,  and  as  the  length  of  the  awdiott* 
traversed  by  the  ray.  By  placing  the  transparent  bodies  in  the 
axis  of  a  coil  of  wire  conveying  an  electric  current,  the  sumo  effwHs 
produced,  but  in  a  lower  degree :  the  more  numerous  the  coiU 
of  the  helix,  and  the  longer  the  column  of  the  trousjareiit  body 
which  is  traversed  by  the  ray,  the  greater  is  the  extent  of  ttte  rotx- 
tion.  When  an  eleelrie  current  passes  round  a  ray  of  polari»d 
iight,  in  B  plane  perpeudicuUr  to  vVie  dvnc^ox^  oC  U\e  tay,  it 
'tation  of  tlie  ray  iu  lUe  Bttmeiit«c^aoAiiia'i«.V\\v'«(,'\M^iaBa' 
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ETw  paMing.     The  interposition  of  bodies  which  are  not  susccp- 

e  of  Dittguetisiu,  between  the  coils  of  the  helix  and  the  trans* 

body    placed    in   its  axis,   does    not    sensibly   affect    the 

iriting  action,  but  the  interposition  of  a  hollow  iron  core  be- 

i  the  helix  and  the  transparent  body  in  its  axis,  in  some 

8  greatly  heightens  the   effect,  in  others  it  neutralizes  it,  the 

ration  varying  with  the  thickness  of  the  core. 

Mntteucci  found  that  by  elevating  the  temperature  of  a  bar  of 
■ry  glass  to  about  600°,  the  rotatory  power  was  increased  by 
bout  i,  when  compared  with  the  effect  of  the  same  bar  at  ordi- 
f  temperatures.     Bertin  {Ann.  de  Chimie,  III.  xxvii.  31)  gives 
!  following  rotatory  power  of  various  bodies  at  ordinary  tem- 
peratures, assuming  that  of  heavy  glass  as  equal  to  i  : — 

Heavy  glass I'OO 

Bichloride  of  tin 077 

Bisulphide  of  carbon 074 

Tcrcldoride  of  phosphorus       ,     .     .  o-^i 

Water 025 

Alcohol  (sp.  gr.  o'Sjo) om8 

Ether 015 

The  salts  of  lime,  zinc,  and  magnesia,  as  well  as  many  others,  in- 
crease the  rotatory  power  of  water,  when  added  to  it,  the  effect 
being  proportioned  to  the  strength  of  the  solution.  Verdet  has 
determiued  by  careful  measurement  {Ann.  de  CItiinie,  III.  lii.  IJ9) 
the  extent  to  which  this  rotatory  power  is  possessed  by  various 
bodies  in  solution ;  and  this  observer  has  shown  that  the  addition 
of  a  salt  of  iron  to  water  diminishes  the  rotatory  power  of  the 
li({uid  ;  aqueous  solution  perchloride  of  iron,  contaiuing  40  per  cent, 
of  the  salt,  reverses  the  rotation,  and  gives  a  neijulive  rotation, 
which  is  five  or  six  times  as  powerful  as  the  positive  rotation  pos- 
sessed by  water.  Salts  of  chromium,  titanium,  cerium,  uranium, 
and  lanthanum  produce  a  similar  effect;  whilst  the  salts  of  nickel 
and  cobalt,  which  are  also  magnetic,  produce  &  positive  effect,  and 
increase  the  ordinary  rotatory  power,  Fcrrocyanidc  of  potassium, 
although  it  contains  iron,  exerts  a  positive  rotatory  effect. 

Bodies,  such  as  oil  of  turpentine,  which  naturally  produce 
coloured  circular  polarization  (120)  have  the  power  exalted,  anni- 
hiUted,  or  reversed,  according  to  the  direction  and  intensity  of 
the  electric  current  which  is  trannmitted  through  the  coil.  The 
polarization  prwluccd  by  magnetism  differa  I 
■^wkmred  circular  polarization  shown  "by  <" 

•kMble  puiicular^vh.,  tliat  tlio    maguctit:  i 


ted  through  the  coil.     The 
differa   from   the   ordiuary        J 
y  oU  ot  \.w(ij«ift\;vwfe,«i  •&&»      M 
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Fig.  233. 


in  the  same  direction  as  that  of  the  current  which  circolatei 
around  the  coil. 

Let  c  d,  fig.  233,  represent  a  vessel  filled 
with  oil  of  turpentine  endowed  with  right-handed 
rotation^  and  let  a  &  be  a  polarized  ray.  B 
the  ray  proceed  from  a  to  the  observer  at  i, 
the  rotation  will  of  course  appear  right-handed 
to  him,  as  shown  by  the  circle  c  ;  and  if  from 
b  \x}  a,  the  rotation  will  still  appear  right* 
handed  to  the  observer  at  a,  as  shown  by  the 
circle  d.  K  now  a  current  be  passed  round  e  i^ 
in  the  direction  of  the  circular  arrow  at  c.  the 
rotation  to  the  observer  at  b  will  appear  to  be 
increased ;  while  to  an  observer  at  a,  it  will  appear  to  be  neutralized 
or  reversed. 

(273)  Magnetism  of  Bodies  in  general, — ^It  was  formerly  ima- 
gined since  iron  was  susceptible  of  magnetism  in  a  high  degree, 
nickel  in  an  inferior  degree,  and  cobalt  in  a  degree  still  less,  that 
all  other  substances  might  also  be  magnetic,  although  to  an  extent 
so  minute  as  to  elude  the  ordinary  means  of  observation.     More- 
over, as  experiment  had  proved  that  a  reduction  of  temperature 
exalts  the  magnetic  power  of  iron  and  of  nickel,  it  seemed  not  un- 
reasonable to  anticipate  that  by  extreme  depression  of  temperature 
a  point  might  be  attained  at  which  every  species  of  matter  would 
show  itself  obedient  to  the  magnet.     Experiments  made  upon  this 
subject  at  very  low  temperatures  have  not,  however,  justified  these 
expectations.     The  employment  of  magnets  of  unusual  power  has, 
on  the  other  hand,  revealed  the  existence  of  a  susceptibility  to  this 
force  in  cases  where  under  ordinary  circumstances  it  had  not  been 
observed.     (Faraday,  Phil,  Trans. ^  1846.) 

Before  adverting  to  these  experiments,  it  will  be  advisable  to 
define  clearly  the  difierent  parts  of  the  space  between  the  two  poles 
where  the  magnetic  action  is  manifested.     Let  us  suppose  that  we 

are  looking  down  upon  the  poles  n  s  (fig.  234), 
of  a  powerful  horseshoe  magnet;  the  space 
between  them  has  been  termed  by  Faraday 
the  magnetic  field ;  the  line  a  x,  will  give  the 
direction  of  its  aans ;  the  line  e  q,  which  ia 
in  the  same  horizontal  plane,  but  at  right 
angles  to  a  x,  will  form  the  equator  of  the 
magnetic  field.  A  bar  of  iron  suspended  bf 
it»  ceutte  aWr^  ^acJv  «.  ma^^^iet,  will  tak^  ' 


Fig.  234. 


e- 


"  5  TffMitS  to  point  axiaUy.   By  using  electro-magneta  of  enormous 
"cr  (254)  many  bodies  not  usually  reputed  to  be  magiietie  will 
1.1-  the  asial  position  like  a  bar  of  iron.    For  example,  if  un  elon- 
-  it  J  fragmentof  Liematite,  orredoside  of  iron,  which  is  indifferent 
a  common  magnet,  be  suspended  horizontally  at  ita  centre  by  a 
.  fibres  of  silk  between  the  poles  of  such  an  electro- magnet,  it 
.1   point  axially  ;  even  a  sheet  of  writing  paper  rolled  up  so  as 
iurm  a. short  cylinder  will,  usually,  owing  to  the  small  quantity 
iron  or  of  cobalt  that  it  contains,  assume  a  similar  direction. 
Faraday  has  found  as  a  general  rule  that   the  salts  of  the 
LTTictic    metals   are  themselves   magnetic,   prorided   that   these 
.i.lLiIs  enter  into  the  base  of  the  salts.     For  instance,  crystals  of 
proiosulphate  of  iron  placed   iu  a  thin  glass  tube,  which  is  not 
magnetic,  will  cause   the  tube  to  point   axially.      Such  salts  pre- 
serve their  magnetic  properties  even  when  dissolved  in  water; 
the  solution  be  placed  in  a  glass  tube  of  tlic 
form  shown  iu  fig.  235,  the  tube  when  suspended         r'"-  ^35' 
by  a  loop  of  copper  wire  and  a  few  fibres  of  raw 
silk,  will  take  au  axial  position  between  the  poles 
of  the  magnet.     Solutions  of  sulphate  of  nickel 
and  of  sulphate  of  cobalt  act  in  a  manner  similar 
to  the  solutions  of  the  salts  of  iron.     The  pure 
aalta  of  chromium  and  of  manganese  have  in  like  manner  provea 
to  be  magnetic,  and  hence  these  metals  themselves  arc  inferred  to 
be  so,  although,  from  the  high   temperature  required  to   reduce 
them  to  the  metallic  condition,  it  is  almost  impossible  to  obtain 
them  in  such  a  state  of  chemical  purity  as  would  enable  the  fact 
to  he  verified  by  experiments  upon   the  metals  themselves  in  an 
14 n combined  state. 

(274)  Diamagaetism. —  All  the  magnetic  bodies  mentioned 
above  are  attracted  indifferently  hy  either . magnetic  pole;  and, 
if  of  elongated  form,  they  place  themselves  with  their  longest 
diameter  in  the  axial  direction  when  suspended  by  their  centre 
between  two  contrary  magnetic  poles.  It  is,  however,  far  from 
being  true  that  all  substances  are  magnetic.  Bodies  exist,  which 
when  brought  near  to  a  magnetic  pole  are  repelled  instead  of 
being  attracted :  such  substances  have  been  termed  diamagrtetics. 
If  a  straw  (s,  6f.  236)  be  suspended  horizontally  by  a  silk  fibre, 
and  £rom  one  extremity  of  the  straw  a  small  piece  of  pliosphonw, 
t,  be  supported  in  a  ring  of  fine  copper  wire,  repulsion  of  the 
]jbosphoruB  will  be  produced  indiS'ereutly  biy  athcs  \o\ii.  \vi  wmAi. 
an  exporiiaent  it  will   be  found  conveaveut.  \»  i^aRc  a.  wiS-^.  ««^ 
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armature,  bevelled  off  to  a  btuut  point,  upon  isf 
pole  of  the  roaguet,  in  order  to  concoutrale  tin 
power,  because  the  repulsive  force  ia  very  feeble  wlieo 
compared  with  the  attractive  power  developed  in 
iron.  If  a  stick  of  phosphorus  be  suspendwi  be- 
tween the  two  poles  of  the  electro-magnet,  it  takes 
the  equatorial  position,  assuming  a  direction  atriglit 
angles  to  that  of  a  bnr  of  iron,  the  phosphorus  lieinj 
repelled  by  each  pole  to  the  greatest  distance  pos- 
sible. Phosphorus,  it  will  be  observed,  is  a  lion. 
conductor  of  electricity ;  but  some  of  the  roetaU,  o( 
which  bismuth  and  antimony  are  the  most  remark* 
able,  exhibit  this  repidsive  action  in  a  atill  higher 
degree.  Substances  of  an  organic  nature,  such 
slices  of  wood,  apple,  potato,  or  flesh,  likewise  shoir 
this  diamagnctic  jrower,  though 
'■  ^^^'  strongly.      In   fact,    all    bodies   which 

are  not  magnetic,  exhibit  diamagnetie 
properties.       Owing    to     the    feeble 
amount  of  these  repulsive  actions,  it 
necessary  to  screen  the  objects  undet 
esperimeut  from  the  influence  of  cnr- 
rcnta  of  air,  by  surrounding  tliciD  with 
a  glass  case,  as  represented  in  fig.  237 
in  which  6  represents  a  bar  of  bismuth, 
or  other  diamaguetic  body,  delicately 
suspended  by  a  few  fibres  of  luispun 
Bilk,  c.     The  bismuth  bar  ie  shown  in 
the  equatorial  position  between  Ih© 
poles    of   the    clectro-magnet,    whi 
project    through   apertures 
their  reception  in  the  table. 
(275)  D'rnmagnetiiim  of  Gase». — The  earlier  experimenta  o] 
the  gases,  owing  to  the  very  small  amount  of  ponderable  m«tle» 
to  be  acted  upon,  gave  results  which  seemed  to  prove  Uiat  thejr 
were  indifferent  to  the  influence  of  the  magnet;    but  8ub«ei)iicnt 
researches  have  shown  that  even  the  different  gases  un]  rapoun 
are  susceptible  of  the  diamagnctic   influence  in  a  degree  vhiiA'' 
varies  with  the  nature  of  the  gas.     (Faraday,  Phil.  Majf.,  iHj^ff, 
xjtxi.  p.  401). 

The  gases  upon  which  experiments  were  made  hf 
appear   to  stand    in  tbe  foWowlw^  otd«,  Wt^ntuoc 
wliich   are    least   dinmagnetVc  ■- — dUnaavVcrw 


ad..  MQtoj^^^gHg 
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i',  cOal  gas,  olcfiant  gas,  bydi-ochloric  acid,  ammonia,  aii<1 

t  Elevatioii  of  temperature  exalts  the  diamagnetic  coaditioii,  a 
1  of  liot  oxygen  appearing  to  lie  diamagnetic  in  an  atmo- 
of  cold  ovygcn.  A  similar  result  was  obtained  with  all 
i  gases  as  were  compared  with  each  other  at  high  aud  at  low 
Mraturee.  On  the  other  hand,  depression  of  temperature 
s  the  diamagnetic  force,  so  that  a  current  of  cooled  gas  when 
■red  to  flow  into  a  warmer  atmosphere  of  the  same  kind,  takes 
1  portion  in  the  magnetic  field.  If  a  stream  of  one  gas 
illowed  to  escape  Into  an  atmosphere  of  a  second  gas  more 
■acetic  than  itself,  the  less  diamagnetic  gas  takes  the  axial 
ntion  ;  when  atmospheric  air,  for  instance,  is  made  to  flow  into 
1  gas,  the  air  takes  the  axial  or  magnetic  position  between  the 
though  air  itself  would  take  the  equatorial  position  in 
^D  gas.  The  diamagnetism  of  gases  was  lirst  indicated  in 
fcxperiuicut  by  Bancalari ;  he  found  that  the  flame  of  burning 
B  vras  influenced  by  the  action  of  a  powerful  electro- mngnet. 
b  effect  is  beautifully  exhibited  by  simply  placing  the  flame  of 
ber,  or  of  any  combustible  substance,  between  the  poles  of  the 
,  when  in  action ;  the  flame  appears  to  be  repelled  towards 
'Micf  side  by  the  poles,  and  if  the  magnet  be  sufficiently  powerful, 
lit'  flame  divides  into  two  streams,  which  pass  off  horizontally,  oue 
i  I  either  side,  iu  the  equatorial  direction.  If  the  taper  be  extin- 
lished,  whilst  the  wick  still  continues  to  glow,  the  ascending 
'  iiiqiii  of  smoke  when  placed  between  the  poles  of  the  magnet 
\bLbits  these  motions  equally  well. 

The  following  simple  contrivance  was  employed  by  Faraiiay 
o   show   the  position  assumed  by  the  differeut  gases.     A  bent 
.tube  conveyed  the  gas  for  e:tperimeut  in  a  very  slow  but  continuous 
,  into  the  centre  of  the  magnetic  field ;  generally  a  piece 
P)pftper,  moistened  with  a  solution  of  ammonia,  was  placed  iu  the 
JBt  tube.     8upposiug  the  gas  to  be  lighter 
,  three  wide  glass  tubes,  open  at 
1  end,  and  three  or   four  inches  long, 
e  suspended  with  their  lower  apertures 
.  the  equatorial   line,  as  represented  in 
with  the  middle  tube  just  above 
B  beat  tube  for  tlie  delircry  of  the  gas. 
Bcb  tube  a  piece  of  paper  moistened 
hydrochloric    acid     was    suspended. 
I  whole  was  scieeiied  fi^m  currcuts  of  avi  \vj  \i\«.\,» cS ^i)^,.  ^Ss^s 
lauga-'i  the  iron  was  not  magnetized,  tlic  gas  ?wj\"tci  xe-wHi^  \i.'^"&fc, 


Fig.  as?. 
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action^  the  gas^  instead  of  passing  directly  up  the  central  tube^  wUi 
when  more  diamagnetic  than  air^  diverted  into  each  of  the  side 
tabes ;  and  the  currents  were  rendered  visible  by  the  white  fiunes 
produced  when  the  ammonia  carried  by  the  gas  came  into  contact 
with  the  vapours  of  the  acid  contained  in  the  tube.  If  the  gas 
under  experiment  were  heavier  than  atmospheric  air^  the  position 
of  all  the  tubes  was  inverted^  and,  in  place  of  ascending  cunents, 
descending  currents  were  obtained.  The  action  of  the  magnet 
upon  tlie  different  gases  was  also  shown  by  blowing  soap  bubbles, 
filled  with  each  gas  for  trial,  upon  the  end  of  a  capillary  tube,  and 
bringing  the  suspended  bubble  near  to  the  pole  of  the  magnet; 
on  completing  the  circuit  the  bubble  was  attracted  or  repelled 
according  as  the  gas  was  magnetic  or  diamagnetic. 

By  suspending  a  feebly  magnetic  glass  tube,  attached  to  the 
thread  of  a  delicate  torsion  balance,  between  the  magnetic  poles 
successively  in  oxygen  and  in  vacuo,  E.  Becquerel  {Ann.  de  ChinM^ 
III.  xxviii.  324)  found  that  the  tube  was  less  strongly  attracted  in  ^ 
oxygen  than  in  the  exhausted  receiver,  and  by  varying  the  expe- 
riment in  different  ways  he  succeeded  in  proving  that  oxygen  is  a 
decidedly  magnetic  body ;  he  has  calculated  that  a  cubic  metre  of 
oxygen,  which  at  32°  F.  and  29*92  inches  Bar.  weighs  22015  grains, 
if  it  were  condensed  till  it  had  a  specific  gravity  equal  yjo  that  of 
iron,   would  act  upon  a  magnetic  needle  with  a  force  equal  to 
that  of  a  little   cube  of  iron  weighing  8^  grains ;    or   that  tb^ 
magnetism  of  oxygen  is  to  that  of  metallic  iron  as  i  :  2647.     H^ 
computes  that  the  magnetic  effect  of  the  oxygen  in  the  air  is  equaJ 
to  that  of  a  shell  of  metallic  iron  ^  J-^  of  an  inch   in  thickness 
surrounding  the  globe  of  the  earth. 

The  fact  of  the  magnetism  of  oxygen  was  first  suggested  by 
Faraday  [PhiL  Mag,,  1847),  and  was  amply  proved  by  him  (Phil. 
TVans.,  1851,  p.  23),  independently  of  Becquerel.  He  has  further 
ascertained  that,  like  iron,  it  loses  its  magnetism  when  strongly 
heated,  but  recovers  it  when  the  temperature  falls.  In  this  dimi- 
nution in  magnetic  intensity  as  the  temperature  rises,  he  considers, 
probably  lies  the  explanation  of  the  diurnal  variations  of  the  needle, 
the  cause  of  which  has  so  much  perplexed  magnetic  observers :  the 
explanation  is  however  not  regarded  as  adequate  by  some  eminent 
magneticians. 

(276)  The  following  table  contains  u  list  of  various  substances 
arranged  in  the  order  of  their  magnetic*  and  diamagnetic  powers^ 
as  approximatively  determined  by  Faraday: — 

^  Fmntdaj  regards  all  suYmtaxices  tA  i&i4Eikft^<^  yA^^jwsv^iSwi^^aMi—  ^ 
^^00069  generally  termed  magueitaOB  la  ^roaa»^?^NAA«  m  ta&tei2Bil& 
tboee  whioh  are  diamagnetio. 


^^Py^PPVPoP  ru 

E    ULtMAGNBflWpBBWBB 

Magnetic. 

Diamagnedc 

Iton 

Bismuth 

Nickel 

Piiosphorua 

Cobait 

AutitDODy 

Manganese 

Ziuc 

CLroniimn 

Silico-borate  of  lead 

Oriuui 

Tin 

Titauiutu 

Cadmium 

Fiilladium 

Sodium 

Crown  glass 

Flint  glass 

Platinum 

Mercury 

Osmium 

Lead 

Oxygeu 

Silver 

Copper 

Water 

Gold 

Alcohol 

Ether 

Arsenic 

Uranium 

Rhodium 

Iridium 

Tuugsteu 

Nitr 

ogea. 
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pit  is  worthy  of  particular  remark  that  the  same  substauce  may 

r  to  be  either  magnetic  or  diamaguetic  according  to  the  nature 

If  the  medium  in  which  it  U  placed.     If  a  glass  rod  be  suspeuded 

Eontally  in  a  vessel  of  water,  which  is  a  strongly  diamaguetic 

jdy,  it  will  point  axially,  like  a  rod  of  iion ;  whereas  the  same 

I,  if  ftuspendcd  in  a  solution  of  sulphate  of  iron,  which  is  magoetic,   ■ 

L  point  iu  the  equatorial  direction.     In  like  manner  a  tube 

iitBiiuiig  a  solution  of  sulphate  of  iron  will  in  pure  water  seem 

It  be  magnetic,  while  in  a  still  stronger  solution  of  the  sulphate 

It  inll  act  as  a  dlamagnetic  substance ;  just  as  a  soap  bubble  dUed 

iTilh  carbonic    acid,  which  is  heavier  than  air,  will  fall  to   the 

ground,  while  if  filled  with  hydrogen,  which  is  much  lighter  than 

the  atmosphere,  it  will  ascend.  J 

Air,  in  consequence  of  its  containing  oxygen  in  an  uncombined         I 

^iitdition,  is  a  raaguctic  substance.  I 

{377)   The  same  Bodies  in   combination  may  61;  Magtietwi  tn        I 

Diama^nfik  according  to  the  nature  of  tfiK  Conipound. — 'iwt  Q^  "^t       ' 

moat  iulerestiag  pecu/i'arities  of  diamagnetvam.  \&  c3^Wv\.g\  "va.'i^'i 
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ci  renin  stance  that  tlie  same  body  may  assume  the  mftgneWc  orftt 
diamaguetic  state  according  to  the  nature  of  the  compoand  wliidi 
it  forms.  A  metal  may,  for  example,  occur  as  the  base  or  electro- 
positive constituent  of  a  compound,  or  it  may  enter  into  the  coa- 
positiou  of  those  substances  which  form  the  acid  or  electro-ncgatin 
constituent  of  the  compound.  A  good  ill  u  sit  ration  of  the  Aiik- 
rence  thus  produced  occurs  in  the  case  of  iron.  Iron  acts  mi 
base  in  the  crystals  of  green  vitriol  (FeO,  SO^  +  7  Aq),  of  wliid 
the  metal  forms  about  -^  by  weight,  and  gives  to  them  a  deri^edlj 
magnetic  power ;  but  in  the  yellow  prussiate  of  potash  (K3,  FeCt, 
+  3  Aq),  which  also  contains  iron  to  the  extent  of  more  thaa  ;  of 
its  weight,  the  crystals  are  diamagnetic.  The  iron  in  this  ate 
occurs  in  the  electro- negative  constituent  of  the  salt,  and  not  u  1 
base.*  In  the  same  way,  bichromate  of  potash  (KO,  aCtO,), 
where  tlie  chromium  forms  pajl;  of  the  acid,  is  diamagnetic,  whjs 
the  snlphatc  of  chromium  (Cr„  0^,  3SO3),  where  the  metal  ocbU 
a  base,  is  decidedly  magnetic.  Some  of  the  compounds  of  coJult 
exhibit  analogous  differences. 

(278)  In  prosecuting  this  subject,  Tyndall  and  Knohlaoiji 
{Phil.  Mag.,  1850,  vol.  xxxvi.  p.  i;8,  and  xxxvii.  p.  1)  have  tcm 
led  to  the  conclusion  that  a  substance  may  appear  to  be  eilkr 
magnetic  or  diamagnetic  according  to  the  arraugemeut  of  lis  con-' 
poncnt  particles.  It  must  not,  however,  be  supposed  that  thm' 
is  not  a  real  distinction  between  the  two  classes  of  substancn: 
hut  that,  uudcr  certain  circumstances,  a  truly  magnetic  body  mif 
appear  to  be  diamagnetic,  and  a  body  truly  diamagnetic  mif 
appear  to  be  magnetic.  The  following  experimeuts  may  lie  cit£^ 
iu  order  to  explain  this  point.  A  small  flat  circular  disk  ivas  pro- 
pared  with  a  paste  of  wheaten  flour  ;  and  in  this  ilisk.  n  litimlxi 
of  short  pieces  of  iron  wire  were  placed,  all  parallel  to  each  other, 
and  all  passing  from  one  surface  of  the  disk  to  the  other,  pcqioi* 
dicularly  to  its  two  faces,  This  disk  was  suspended  from  a  fibw 
of  silk,  by  its  edge,  in  a  vertical  direction,  between  the  poloB  ot 
an  electro-magnet ;  but  though  it  was  undoubtedly  magnetic,  Uu' 
plate  placed  itself  with  its  faces  parallel  to  the  equator  of  thl 
magnetic  field.  Each  of  the  short  pieces  of  wire,  howercr,  iiid 
assumed  the  axial  position,  although  the  disk  as  a  whole  amn)^ 
itself  in  a  diamagnetic  position. 

M'hen  a  similar  disk  was  prepared  in  which  threads  of  btsmnUl 
were  substituted  for  the  iron  wire,  the  disk  placed   ttadf  in  the 


*  It  is,  however,  renmrknble  that  the  red  ferridcranide  of  inm  ij,  ■ 
iag  Xo  Hacker's  obscrvaUoxi,  Jvt^.wvdXvAVwi^^tiW'j,  nuL^octie.  Fi 
eauiDcratce  it  among  Owj  liiam&gftuVio  ^»». 
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pjGfIc  Sirectjon,  with  its  faces  parallel  to  the  axis  of  the  ruag- 
c  field.    The  blemutb,  however,  is  unquestiouably  diamagiietic, 
j  Qtch  of  the  pieces  of  this   metal  which   the  plate  coutaius 
mea  the  diamagoetic  direction. 

The  coiiclusioD  which  Tyndall  and  Knohlnuch  draw  from  these 
ximents  is,  that  if,  iu  a  magnetic  or  in  a  diamagiietic  mass,  there  , 

)C  particular  direction  iu  which  the  particles  which  compose 
!  more  closely  approximated  to  each  other  than  in  any  other 
tion,  the  line  which  corresponds  to  this  direction  of  greatest  , 

Uity  will  be  the  one  in  which  the  magnetic  or  diamagiietic  action  ' 

host  strongly  marked.  One  of  the  experiments  made  in  sup- 
f  this  view  is  the  following ; — Powdered  bismuth  was  formed 
»ii8  of  gum-water  into  a  mass  sufficiently  coherent  to  be 
]  into  a  small  cylindrical  bar  about  au  inch  long  and  a 
r  of  an  inch  thick.     When  this  cylinder  was  suspended  by  J 

re,  in  a  horieontal  direction  between  the  poles  of  the  electro-  I 

,  it  pointed  equatorially  as  an   ordinary  bar  of  bismuth  I 

i  have  done;  but  when  this  same  cjliiider  was  compressed  I 

f,  so  as  to  form  a  flat  plate,  it  assumed   a  direction  with 
B  parallel  to  the  axial  position,  though  its  length  in  some  j 

as  ten  times  as  great  as  its  thickness.  J 

I  A^ain,  carbonate  of  iron  ia  a  magnetic  body :  if  reduced  to         I 
k  powder,  and  formed  into  a  cylinder  similar  to  that  made  with  I 

tbismuth,  it  will  point  axially,  or  like  a  magnet,  between  the  1 

;  but  if  compressed  into  a  plate,  this  plate  will  set  with  its  faces 
lei  to  the  equatorial  direction.  Here,  in  each  case,  those  parts 
lich  the  particles  of  the  bismuth,  or  the  salt  of  iron,  are  by 
hpreasion  brought  the  nearest  to  each  other,  are  those  in  which 
I  diamagiietic  or  the  magnetic  action  predominates.  It  is  by 
f  application  of  this  principle  that  Tyndall  and  Knoblauch  account 
fnv  the  fact  discovered  by  Pliicker,  that  in  all  crystalline  bodies 
■  ic-longing  to  those  systems  which  exercise  a  doubly  refractive  iu- 
iluence  on  light,  the  optic  axis  assumes  a  deiiuite  direction  under 
the  influence  of  the  electro-magnet.  Assuming  that  the  optic  axis 
of  a  crj'stal  is  the  direction  in  which  the  particles  of  the  crj-stal 
have  experienced  the  greatest  degree  of  condensation,    the   effects  J 

iibtAiued  by  experiment  admit  of  explanation.   The  position  assumed  ■ 

by  the  optic  axis  is  not  uniformly  the  same  in  different  specimens  I 
of  the  same  substance,  though  in  the  same  specimen  it  is  always  % 
the  same.    For  example  :  Iceland  spar,  when  pure,  ia  a  diaiuagnetic  i 

sulwtance,  hut,  if  it  contain  carbonate  of  iron,  it  exlubits  magnetic  i 

_  propcrtiea.     In  the  course  of  their  Te8eaic\iea,'^Ti^i)Si  sa^^kvi^^i-        ^ 
Bdiuic£  took  pieces  irom  several  BpecimcQK  o?  YwiXwAi  s^"c ,  Msvnsi  «&-    j 

fa  IL^ 
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wbich  were  magDetic,  others  dutmagnetic.  These  different  ssmpta 
Tcre  cut  into  the  form  of  disks,  or  flat  circnlar  plates,  the  sur&oi 
of  which  were  parallel  to  the  optic  axis  of  the  crystals.  When  tht 
disks  were  suspended  horizontally  at  their  centres  between  the 
poles  of  an  electro-magnet,  so  that  the  optic  axis  of  the  cryitil 
was  in  a  horisontal  plane,  each  disk  always  assamed  a  detenninilt 
direction.  When  the  disk  was  taken  from  a  magnetic  crystal,  ^ 
optic  axis  placed  itself  axially  between  the  poles;  when  from  (dii- 
magoetic  crystal,  the  optic  axis  assumed  the  equatorial  directioa. 
Thus  it  appears,  that  whether  the  crystal  be  magnetic  or  diamig- 
netic,  the  action  is  exhibited  in  each  case  most  powerfully  in  the 
direction  of  the  optic  axis,  which  is  assumed  to  be  the  line  in 
which  the  particles  are  most  closely  approximated  to  each  other. 
Faraday  has  shown  that  the  directive  force  of  the  crystal,  whether 
magnetic  or  diamagnetic,  diminishes  as  the  temperature  rises. 

(379)  It  has  been  ascertained  by  E.  Beo- 
Fio.  i.ig.  querel  and  by  Tyudall,  that  the  diamagnetic 

repulsion,  as  measured  by  means  of  the 
torsion  balance,  is  as  the  square  of  the  inteo- 
sity  of  the  current.  The  phenomena  of  dii- 
magnetism  may  be  accounted  for,  as  wu 
remarked  by  Faraday,  on  the  supposition 
that  electric  currents  are  circulating  around 
tbe  particles  of  the  diamagnetic  body  in  1 
direction  the  reverse  of  those  which  are 
supposed  to  exist  in  magnetic  bodies,  though 
he  was  unable  to  satisfy  himself,  by  expe- 
riment, of  the  existence  of  such  polarity ; 
but  the  experiments  of  Reich,  of  Weber,* 


*  The  pi 
Tilth  which  'i'yndail'B  deoiaire  experiments  irer^ 
rnade,  will  be  understood  without  difficully.  Let 
n  h'  (&!(.  339) repreaent  two  MTnilarrerticathelicM 
of  copper  wire ;  a  b,  c  d,  two  bars  of  bismuth  or 
other  diamagnetic  body  attached  to  cordfi,  which 
puBS  OTcr  tlie  nhccls  w,  w',  so  that  thej  tan  bj 
moving  one  of  the  wheels  be  plaeed,  at  pleasure,  in 
eitlierofthe  positioua  shoirn  in  Fig.  141,  i  and  3.  m 
Tepreseuta  one  of  a  pair  of  bar  luagDotH.  arran^ 
astalically,  and  delicately  suspended  aide  by  side  by 
a  few  fibres  of  unspun  silk.  x.  k  is  a  mirror  attached 
to  the  centre  of  the  magnet,  and  by  viewing  a  scale 
reflected  in  this  mirror  through  a  telescope  at  a  dia- 
tSDce  of  8  or  to  feet,  the  sm^lest  deflection  of  tha 
nugueta  may  be  estimated  and  meaaiured.  Oa 
trananiVl^a  a  tcAWlc  euieTLt  from  one  or  two  of 
,   Grove's  oeVu  tiioQu^  ^m  to^  m  <t^i«Kttik  &>•». 
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a  quite  recently  of  Tyndall  {Phil.  Trans.,  1 855,  1 85(1},  a[ipear  to 
e  proved  conclusively  tliat  bodies  nliicli  are  iiuder  diamagnctic 
Iflaence,  exhibit  polar  characters.  The  polarity  of  these  bodies  is 
1  that  a  diamagnctic  substance  possesses  a  feeble  magnetic 
larity,  the  magnetism  of  each  pole  being  similar  to  that  of  the 
pole  of  the  inducing  magnet  in  its  vicinity  :  whereas  in  an  ordinary 
mignetic  substance  the  inducing  magnetism  is  opposite  to  that  of 
the  magnetic  pole  by  which  the  magnetism  is  elicited. 


(280)  Dtjinile  QuanHty  of  Force ;  Indestructibility   of  Farce ; 
Mutual  Relations  of  Different  Kinds  of  Force. — The   progress  of 


■  'lue  diamaKDetized ;  and  by  carefully  raising  or  lower- 
■uti  the  !lHtatil^  bars  n  «.  f  n,  sbown  in  sectioD  with  the 
cojia  B  n'  ia  fig-  ^lo,  until  they  are  opposite  the  middle 
of  the  wiilg,  B  position  may  be  found  in  which  the  maf;- 
DF>ta  liet'ome  indifferent  to  tlie  action  of  the  current. 
If',  whilet  Ihe  apparatueiBthut  arrauBed,  the  wheel  w  . 
ii.'  turned  to  the  right,  the  biamuth  bBra  will  be  brought  -ijc^ 
.1  1:)  the  position  fig,   341,  i,  and  a  deflection  of  the 

.(ulic  tnagneti  will  be  etfected.     The  lower  end,  S,  of 

■  Tie  bismuth  bar,  if  polar,  would  be  (from  the 
rcTerted  direction  of  the  currents  in  the  helicea) 
in  the  aBrne  condition  as  the  upper  eud,  c,  of 
the  other  bismuth  bar,  and  each  will  therefore 
attraut  one  particular  end,  Bay  tba  north,  of 
each  mat'net  composing  the  aBtatic  combination, 
and  would  repel  the  south  end  ;  each  conspiring 
to  produce  n  deflection  of  both  magnets  m  the 
lame  direction:  but  on  turning  the  wheel  to 
the  left,  BO  aa  to  biing  the  biBTuulh  bars  into 
the  positiun  shown  in  141,  3,  the  astatic  com- 
Vinition  will  be  deflected  to  an  equal  extent  ia 
the  opposite  direction. 

Tbi-BE  cffccta  are  moat  marked  with  bodies 
lAt  L:.-iiiiilh  and  antimony,  which  hare  the 
L'r,  .11.  ■^t  .liamagnetic  energy;  but  they  are  also 
il:-'in<  Hv  nliown  even iunoD-conductinf; bodies, 
fn.-U  iiu  lu'nrv  glass,  phosphorus,  and  sulphur. 

If  solid  bwmuth  e<^e  a  deviation  which  u 


-■presented  by  7;j  diviBiona  of  the  scale  ein- 
r  <ived,  the  foUoHiug  table  will  represent  the 
i"-lioii,  found  by  Tyndail,  of  the  other  bodies 
raumerated  in  it; — 

Bismuth 7,^ 

Poitdcred  bismuth     ■    ■    -    -    37 

Antimony '3  S 

Bisulphide  of  carbou  ....      5*5 

Whit*  marble 5 

Heavy  glass 4 

Phosphorus 
liBtillei 


JW] 


\ZJ 


DUtilted  n 
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philosophical  inquiries  for  many  years  past  has  been  of  snch  a 
nature  as  to  produce  a  growing  conviction  in  the  minds  of  the 
active  cultivators  of  science,  that  force  is  equally  indestructible 
with  matter ;  and  that,  consequently,  the  amount  of  force  which  ii 
in  operation  in  the  earth  (perhaps  in  the  solar  system),  is  as  de&> 
nite  as  that  of  the  material  elements  through  which  its  existence 
is  made  known  to  us. 

That  the  quantity  of  force  associated  with  matter  is  definite^ 
may  be  illustrated  in  various  ways;  one  or  two  examples  miut 
sufiQce.  The  first  which  we  will  select  will  show  the  fixity  in  the 
proportion  of  heat  which  is  associated  with  a  given  quantity  of 
matter.  A  pound  of  charcoal  when  burned  with  a  free  supply 
of  air,  combines  with  af  lb.  of  oxygen,  and  produces  3^  lb.  of  car- 
bonic acid.  The  chemical  action  produced  by  this  combustion  is 
attended  with  the  extrication  of  a  definite  quantity  of  heat :  and 
this  amount  of  heat,  if  it  be  applied  without  loss,  is  sufficient  to 
convert  12^  lb.  of  water  at  60^,  into  steam  at  212^  F. :  associated 
with  each  pound  of  charcoal  there  must  therefore  be  a  definite 
amount  of  power  which  is  brought  into  action  when  that  charcoal 
is  burned.  A  difierent  but  equally  definite  amount  of  heat  is 
emitted  when  a  pound  of  phospliorus,  of  sulphur,  of  hydrogen, 
or  of  any  other  combustible  is  burned  with  free  access  of  air. 
The  quantity  of  electricity  associated  with  a  given  quantity  of 
matter  is  equally  definite.  When  a  piece  of  amalgamated  ^inc  ii 
placed  in  voltaic  relation  with  a  plate  of  platinum  in  diluted  sul- 
phuric acid,  for  each  pound  of  zinc  which  is  dissolved,  a  quantity 
of  electricity  is  liberated,  by  means  of  which  a  pound  of  metallic 
copper  may  be  separated  from  the  solution  of  a  sufficient  quantity 
of  the  sulphate  of  copper,  or  ^f  lb.  of  silver  may  be  reduced  fiom 
a  solution  of  nitrate  of  silver. 

But  it  appears  further,  that  there  is  no  such  thing  as  a 
destruction  of  force.  The  cases  in  which  a  superficial  examination 
would  lead  to  the  conclusion  that  force  is  annihilated,  show  on 
closer  investigation  that  such  a  supposition  is  erroneous.  The 
only  mode  in  which  we  can  judge  of  the  existence  of  a  force  is 
from  the  eflects  which  it  produces,  and  of  these  effects  that  which 
is  most  universal  is  the  power  either  of  producing  motion,  of 
arresting  it,  or  of  altering  its  direction :  whatever  possesses  this 
power  has  been  looked  upon  as  a  form  of  force.  Motion  is  con- 
sequently  regarded  as  the  signal  of  force.  There  is  no  difficulty  ^ 
showing  that  gravity,  elasticity,  cohesion,  and  adhesion,  are  vi 
forces  in  the  sense  oi  l]he  tSM>Ne  ^^^^osiXAsm^  But  even  the  10^ 
subtle  and  complex  agenta-— Y^^V|\iR»^»  A^R^swa^l^^BJ^^ 


TRAN3F0RUATI0NS    OF    FOKCE. 


"'"mlfa!  affinity,  are  all  capable  of  originating  motion,  and  may 
i-  fairly  be  admitted  under  the  definition  of  force  above  given. 
if  we  except  tlie  case  of  ligbt,  for  which,  when  it  has  disap- 
jirared  by  abirarption,  no  satisfactory  account  haa  yet  been  given, 
it  vill  be  found  that  in  all  cases  ia  which  force  disappears,  it  lias 
expended  itself  either  in  eliciliug  or  setting  into  action  an  equiva- 
lent amount  of  some  other  force,  or  else  it  has  temporarily  disap- 
peiired  in  producing  a  definite  amount  of  motiou.  In  this  case  it 
is  especially  to  be  remarked  that  the  amount  of  motion  which  it 
lias  thus  brought  into  actioLi,  wlieu  that  motion  is  destroyed,  will 
again  give  rise  either  to  an  equal  amount  of  tlie  force  which  origi' 
oally  produced  it,  or  to  an  equivalent  quantity  of  some  i 
bne. 

For  example,  the  chemical  action  between  charcoal 
caygen  terminates  as  soou  as  the  charcoal  is  wholly  convei 
into  carbonic  acid ;  and  a  quantity  of  heat,  which  is  equivalent  to 
that  amount  of  chemical  action,  rcmaius  as  the  representative  of 
the  force  thus  expended.  The  heat  which  has  thua  been  developed 
is  ready  to  do  other  work  ;  it  may  be  employed  in  converting  a  cer- 
tain quantity  of  water  into  steam,  and  the  steam  so  obtained  can 
be  applied  to  the  production  of  motion,  the  amount  of  which  may 
be  measured  by  determiLiiug  tlte  number  of  pomids  weight  which 
can  be  lifted  through  a  given  distance  by  the  steam  thus  pro- 
daced.  Motion  may  again  be  made  to  produce  heat,  and,  as  Joule's 
experiments  appear  to  show,  the  quantity  of  heat  thus  developed  is 
rtrictly  determined  by  the  amount  of  motion  which  is  applied  to 
ito  development. 

It  appears,  however,  not  only  that  force  is  definite  in  its 
amount,  and  indestructible  in  its  essence,  but  that  many  of  the 
more  important  varieties  of  force  are  intimately  related,  and 
capable  in  turn  of  eliciting  each  other.  The  forces 
which  such  mutual  relations  have  been  experimentally  proved 
e»iat  ill  the  closest  manner,  are  those  of  light,  heat,  electricil 
aagnctism,  and  chemical  affinity.  The  transfer  of  any 
time  forces  from  one  point  to  another,  or  in  other  wordi 
GQotion  of  any  one  of  these  forces,  ia  always  attended  with  a  col] 
teral  manifestation  of  one  or  more  of  the  other  forms  of  foi 
In  the  action  of  a  simple  voltaic  circuit,  consisting  of  a 
liair  of  plates  of  zinc  and  platinum,  the  solution  of  a  certain 
tity  of  zinc,  or  the  chemical  action  between  the  zinc  and  the  acid, 
•et«  free  several  forces — viz. ;  r.  Electricity,  the  quantity  of  which 

Edcut  strictly  upon  the  quantity  of  zinc  which  ia  dissolved-, 
s  ia  no  direct  manifestation  of  t\i\s   totcc 


'■&■ 
ithei|^^ 

irto^^l 


circuit  is  closed,  2.  Chemical  action :  if  a  voltameter,  (diargBiw 
a  Bolution  of  sulphate  of  copperj  be  interposed  iu  the  circuit  betvea 
two  electrodes  of  copper,  a  certain  quantity  of  copper,  cont- 
spouding  to  the  ziuc  which  is  being  dissolved  iu  the  battery,  vtU 
be  deposited  on  one  cleetrotle,  whilst  a  correspondiug  amount  of 
copper  will  be  dissolved  jrom  the  other  electrode.  Here  is  a  chfr 
mica  1  action,  which  corresponds  in  amount  to  that  which  is  taltiDg 
place  between  the  zinc  and  sulphuric  acid  in  the  active  cell  of  the 
battery.  3.  Magnetism :  if  the  connecting  wire  be  coiled  round 
a  piece  of  soft  iron,  the  iron  will  Iwcome  powerfully  magnetic  for 
the  time  during  which  the  current  ia  traversing  the  conducting 
wire.  That  the  amount  of  this  magnetism  is  definite  may  be 
shown  by  causing  the  current  to  traverse  the  wire  of  a  tangent 
galvanometer,  which  is  introduced  into  the  circuit;  a  deviation  of 
the  needle,  to  an  extent  depending  on  the  amount  of  chemical 
action  which  is  occurring  upon  the  zinc  at  the  time,  will  be 
produced,  4.  Heat ;  if,  whilst  the  voltameter,  the  clectro-magnrti 
and  the  galvanometer  are  still  included  in  the  circuit,  part  of  the 
circuit  be  composed  of  a  thin  wire  wbich  travcraca  the  bulb  of 
Harris's  air  thermometer,  an  elevatiou  of  temperature  in  the  wire 
proportioned  to  the  amount  of  electricity  in  circulation  will  be 
obtained;  and  5.  Light:  ou  interrupting  the  connexion  of  »BJ 
part  of  the  circuit  a  bright  spark  is  obtained.  The  chemical  acUoD, 
the  electricity,  tlie  magnetism  and  the  heat,  are  strictly  propot* 
tional  to  each  other.  The  amount  of  light  at  preseut  haa  not  b 
measured  with  sutfictent  accuracy  to  enable  us  to  state  that  ssdi 
is  also  the  case  with  regard  to  it.  With  a  compound  circuit  v 
intense  development  of  light  and  heat  may  be  obtained  bctwi 
two  charcoal  points,  simultaneously  with  the  electrical,  nhesiie*!, 
and  magnetic  effects,  but  in  this  case  the  relations  to  the  t 
quantity  of  zinc  dissolved  are  different  (236).  Chemical  affituty; 
then,  whilst  in  operation,  can  throw  s  current  of  electricity  intl 
circulation,  and  a  current  of  electricity  will  develop  an  eiiuivalcn 
amount  of  magnetism  in  a  direction  at  right  angles  to  such  ci 
It  also  produces  in  conductors,  heat  proportioned  to  the  t 

I  which  it  experiences,  and,  if  the  heat  be  sufficiently  intcuso,  it  tl 
attended  with  the  emission  of  light. 
The  important  observations  of  Favre  already  quoted  (245),  »hoi 
ing  the  dependence  of  the  quantity  of  beat  evolved  in  any  \ 
circuit  upon  the  amount  of  magnetic  or  mechanical  work  whidi  i 
is  producing,  afford  interesting  adilitional  proofs  of  the  inipocUui 
proposition  that  force  ia  never  ical\"3  (tvtUttt  ^^cratcd  or  dcstmyvd 
Jtfan  iias  but  the  power  to  fc\w\^:  A  -wVcw  "XaXjcttX-jVi  > 
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"i^rgy  to  new  poiuta,  or  to  change  the  form  of  its  tn ant  Testation  so 
I-  'i'  oUtnin  an  equivalent  amount  of  power  under  new  conditions. 
The  more  closely  the  investigation  is  followed  in  this  direction 
tiie  more  completely  is  the  truth  of  this  principle  renderetl  mani- 
fest. Thus  Soret  {Comptes  Rtndus,  XLV.  301)  transmitted  a  con- 
tinuous electric  current  through  portions  of  conductors  which,  like 
Ampere's  wires  (fig.  212),  are  free  to  obey  their  mutual  impulse  of 
attraction  and  repulsion;  and  he  found  that  if  the  moveable  coo- 
duetors  were  allowed  to  approach  each  other  in  accordance  with 
llie  directioik  of  the  attraction,  a  diminution  of  the  intensity  of 
the  current  is  observed  during  the  occurrenee  of  this  motion, — a 
portion  of  the  intensity  of  the  current  being  expended  in  the  pro- 
duction of  motion.  If,  on  the  other  hand,  a  compulsory  movement 
in  opposition  to  the  attractive  force  is  effected,  the  intensity  of 
the  current  is  increased  during  the  act  of  movement. 

Again  the  same  observer  found,  as  might  indeed  have  been 
anticipated  from  Faraday's  magneto -electric  researches  (ifiz),  that 
if  a  battery  in  connexion  with  a  helu  be  iu  conducting  commu- 
nication with  a  galvanometer,  the  current  through  the  galvano- 
meter is  reduced  during  the  introduction  of  a  soft  iron  core  into 
the  axis  of  the  helix ;  but  it  is  increased  at  the  moment  of  with- 
drawing the  iron  core.  The  introduction  of  a  non-magnetic  sub- 
stance, such  as  a  core  of  copper,  produces  no  sensible  efl'ect. 

We  have  already  traced  briefly  the  evolution  of  electricity  from 
chemical  action ;  and  Faraday  has  further  shown  that  the  elec- 
tricity developed  by  friction  in  the  ordinary  electrical  machine  pro- 
duces either  a  corresponding  amount  of  magnetic  action  on  the 
needle  of  the  galvanometer,  or  an  equivalent  amount  of  chemical 
decomposition  iu  electrolytes  through  which  it  is  transmitted 
(349) ;  whilst  in  the  fusion  of  metallic  wires  we  have  evidence  of 
its  heating  power,  and  in  the  electric  spark  we  see  its  agency  in 
producing  light. 

The  experiments  of  Faraday,  followed  by  those  of  other  philo- 
sophers, have  proved  that  the  motion  of  a  magnet  of  a  givcu  strength, 
under  certain  conditions,  produces,  in  a  closed  metallic  conductor, 
a  definite  current  of  electricity,  and  through  the  electricity  thus 
set  in  motion,  light,  heat,  aud  chemical  action  may  be  developed, 
as  18  beautifully  shown  in  the  magneto-electric  machine  (265). 

On  the  other  hand,  heat  may  be  made  to  develop  electricity ; 
Ud  the  thermo-multiplier  (367)  of  Nohili  and  Melloni  shows  that 
tlie  current  of  clectrieity  which  is  produced  is  exactly  proportioned, 
Ceteris  paribus,  to  the  amount  of  heat  by  which  it  is  excited. 
the  ignition  ofsolxd  matter  shows  that  \\ea.\.ma^  A\t-\\.\\^\\.'ra^ 
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favourable  circumstances.  Tt  further  appears  that  heat  may  excite 
chemical  action ;  and  as  it  may  also  give  rise  to  a  current  of 
electricity,  through  that  current  of  electricity  it  may  produce  the 
development  of  magnetism. 

Light  may  produce  important  chemical  actions,  but  these 
actions  only  in  a  few  cases  develop  electricity,  magnetism,  or  heat. 
The  definite  connexion  of  light  with  the  other  forces  and  the  quan- 
titative valuation  of  that  relation  still  remains  to  be  wrought  out 
Indeed,  the  subject  appears  to  offer  a  field  for  research,  difficult} 
because  as  yet  scarcely  trodden,  though  full  of  interest  and 
promise. 

The  reader  who  desires  to  pursue  the  subject  of  the  mutual 
relations  of  different  kinds  of  force,  is  referred  to  an  interesting 
essay  on  the  subject  by  Grove,  entitled  On  the  Correlation  of  the 
Physical  Forces.  For  further  information  on  the  other  subjects 
which  have  been  treated  of  in  this  chapter,  in  addition  to  the 
papers  already  quoted,  the  student  is  referred  to  the  important 
series  of  memoirs  by  Faraday,  published  during  the  last  twenty- 
five  years  in  the  Philosophical  Transactions,  which  have  also  been 
reprinted  in  a  separate  form ;  or  to  the  Treatises  of  Becquerel  and 
De  la  Rive  on  Electricity  and  Magnetism. 


INDEX, 


;  of  heat,  2 1 7 
of  light,  143 
ral  characters  of,  5 

etween  liquids,  69 
ifluence  of  surface  on,  65 
r  gases  to  liquids,  81 
f  gases  to  solids,  83 
water,  82 
emical,  5,  8,  is 
;tiDg  power  for  heat,  207 
rmacy  of,  226 
ard  pre^isure  of,  47 
»ion  of,  bjr  heat,  186 
for  condensed  gases,  279 
r,  on  compression,  233 
with  single  barrel,  40 
with  two  barrels,  39 
;  gi  avity  of,  compared  with  water 
mercury,  43,  note 
;  heat  of,  235 
)  meters,  187 
of  100  cubic  inches,  42 
mpressibility  of,  36 
ent  he:  t  of  vapour  of,  254 
ubility  of  gases  in,  82 
enentl  characters  of,  5 
120 

!tric  conduction  of,  392 
or  electrical  machine,  303 
voltaic  importance  of,  356 
ed  zinc,  voltaic  use  of,  345 
electric  powers,  298 
leory  of  electro- magnetism,  419 
jjate  for  polarized  light,  168 
li emical,  5 

jotie,  or  positive  pole,  405 
stem  of  crystals,  115 
diamagnctic,  460 
thermo-electric  relations  of,  450 
rmula  fur  wet  bulb  hygrometer, 

ations,  442 

rings  of  polarized  light  in,  170 
(hydrometer),  33 
8  hydro-electric  machine,  339 
ntilating  valve,  2 1 3 
ghts,  spectra  of,  145 
ranometer,  349 
us  bodies,  what,  223 
9,  decrease  of  density  with  the 
altitude,  52 
pressure  of,  43,  47 


Atmosphere,  probable  limit  of,  53 

,,  temperature  of,  at   different 

heighta,  233 
Atmospheric  electricity,  339,  342 
Atomic  theory,  1 5 
,,     weigh  ta,  23 
Attraction    and    repulsion    of   conducting 
wires,  421 
adhesive,  58 
capillary,  61 
cohesive,  54 
electrical,  299 
magnetic,  289 
varieties  of,  5 
Audibility,  limits  of,  229,  note 
Aurora  Burealis,  343 
Axes  of  Crystals,  108 
Axial  magnetic  position,  459 

Balance,  its  essential  parts,  28 
Baldwin's  phosphorus,  150 
Barometer,  46 

capillary  depression  of  mercury 


t9 

it 
if 
»» 


It 


)) 


in,  63 


it 


tt 


it 


ft 


,,        measurementof  heights  by,  53 
Bases,  general  properties  of,  7 
Battery,  voltaic,  different  forms  of^  365 

most  economical  combina- 
tion, 385 
rotation  of  round  magnet^ 

Beats  in  musical  notes,  156 
BecquereFs  simple  voltaic  drcoita,  364 
Biaxal  crystals,  163 

Bimalate  of  ammonia,  artificial   modifica- 
tions of  its  crystals,  100 
Bismuth,  diamagnetio,  460 

,,         its  thermo  electric  powers,  450 
Bohnenberger's  electroscope,  4 10,  note 
Boiling  point  affected  by  adhesion,  246 
affected  by  pressure,  248 
affected  by  salts,  247 
causes  of  its  variation,  246 
points,  table  of,  245 
,,      when  fixed,  246 
Bologna  stone,  150 
Boyle's  law  of  elasticity,  37 
Brass,  specific  heat  of,  232 
Breguet's  pyrometer,  192 
Brittleness,  56 

Bundle  of  glass  plates  for  polarising  light^ 
167 


ft 

it 
it 


tt 
t* 
tt 


CAG 


474 


DEL 


91 
ft 


Caokiard  db  Latoub,    on  liquidB  under 

prenore,  280 
Gale  spar,  rings  of^  in  polarised  light,  169 
Ganton*s  phofiphoroB,  150 
Capacity  for  heat,  330 
Capillarity  of  different  liquids,  table  of,  63 
Capillary  action,  61 

action,  operations  of,  64 
depression  of  mercury,  63 
„      tubes,  flow  of  liquids  through,  78 
Caoutchouc,  adhesion  of^  useful  applications 

of;  59 
Curbon,  electric  conduction  of;  393 
Carbonate  of  lime,  dimorphiam  of,  i  jg 
Carbonic  add,  its  liqaefiMtion,  376 
Cathode,  platinode  or  negatiTe  pole,  405 
Cements,  Tarieties  of;  60 
Centigrade  thermometer,  188 
Change  of  refrangibility  of  heat,  949 
„      of  refrangibility  of  light,  148 
CkareoaU  absorption  of  gases  by,  84 
„      aetioa  in  filtration,  66 
„      deeokwiiiiig  pover  of,  65,  66 
(Vaakal  a&nity,  5.  S,  11 

changes  the  pn^wrtieB  of 

U}di«B  vhidi  combine,  9 

Smv*  o^  Tarics  between 

difcent  bodies,  9 

,     .  itt  objetfts.  5 

cviailcattiaon  bi^  change  the  form 

W^a  W4y,  nmer  destroys  it^  1 1 

CWoLwic^.  at*  ^i«MV  I 

vVv-nsir  .*<  Jv^  cir^rslar  polariiation  of, 

v^ '':c.*ci^V,  f^.'c^RK^eoc*  of.  148 

Oir.'ot^xt.  siCu  cc'.  cus<:neiic,  459 


»i 


•» 


t» 


»» 


vV-^«i^v  suk^naeusxat 


,f 


•94 


Ov><*.'*«^  .*f  s».-V^V;litT  of  a  gas,  81 
v\'^»^«^>&.  K<«k«\:rvneal  oC  54 

xvtteii<fe  divided  suifacea,  54 
v\Ci*  avj-sArvn;  rv^-evtion  of;  J 19 
^,     »tense«  prv>duv"'iiv^n  of;  138,  178 
„     l^vlitxvd  by  el^^Uic  cumsnts,  453 
„     5»r.vluiL>\i  by  eTapi^ration,  252 
OcIoawU  v-'irouUr  polariiatiivn,  1 7 1 
nlnl^  159 

li^ht  by  ab*>rption.  143 
««        solutions,  s|>ectra  of;  143 
,«        t««t$  for  aoidsi  6 
.»        vajx^urs,  si^eotra  of;  147 
Colours  ivmplementary,  143 
„       Newuui's  th«ory  of,  14a 
„       of  (vUnied  light.  168 
of  thin  plaUie,  158 
Combining  prv^portions,  ^tinguished  from 
chemical  equiTalents,  20 
„        Tolume  of  gases,  24 
Com)«ss,  mariner*s,  389 
Complementary  colours,  143 
CbiopresBihiiity  of  gastsa,  37 
of  liquids,  36 


Concave  mirror,  135 

Condensation  of  gases  on  oombinatioD,  kt 

of,  24 
Condenser,  electric,  316 
„        Liebig*s,  260 
„        to  Rahmkorff*8  coil,  434 
Condensing  syringe^  41 
Conducting  wires,  mutual  actions  oC  4^0 
Conduction,  electric,  of  solids  lenoted  I7 
heating,  386 
electrical  discharge  bj,  316 
of  heat,  204 

unequal    in  eryiUli^ 
308 


i> 


It 


99 


Toltaic,  389 
of  lie 


L 


»» 


iquids,  396 
of  metals,  391 

Conductors  of  electricity,  300 

Constant  battery,  Danieirs,  369 

Contact  theory  of  electricity,  Volta'it  2Sh 
36a 

ConyecUon  of  heat,  2 10 
„         voltaic,  403 

ConyectiTe  electric  discharge,  335 

CouTez  lens,  138 

Cooling,  law  of;  by  radiation,  221 

Copper  reduced  by  voltaic  action,  360,  375 

Cornish  boiler,  208 

Correction  of  gases  for  pressure,  50 
„  „       for  temperature,  196 

„        for  weighings  in  air,  34 

CoolomVs  electrometer,  302 

Counter  currents,  voltaic,  366,  383 

Crown  of  cups,  Yolta^  35 1 

Cryophorus,  253 

Crystalline  form,  causes  which  modify  it,  99 
„        structure,  thermo-electric  efffi^ 

of»  449 
Crystalliiation,  96 

„  by  fusion,  96 

,,  with  emission  of  ligbt,  n5 

Crystals,  axes  of;  108 

biaxal,  162 

classification  of,  109 

cleavage  of,  103,  105 

doubly  refracting,  positive,  and 

negative,  162 

of  artificial  minerals,  97 

primary  and  secondary  forms,  104 

principal  section  of,  163,  hoU 

structure  of,  103 

unequal  expansion  of,  by  heat,  181 

,,        uniskxal,  162 

Cupping  glass,  principle  of,  48 

Curves  of  contraction  of  liquids  on  cooling^ 

183 
of  pressure  of  condensed  gases,  283 


it 
If 
II 


II 
II 
II 
ft 
ft 


ft 


99 


D Alton's  atomic  theory,  15 

,,       law  of  tension  of  vapoura,  265 
Daniell's  hygrometer,  272 

„      pyrometer,  192 

„      voltaic  battery,  369 
lyeclination  or  variation,  magnetio^  994 
Ik&DAXft  'ocQ^tUnua^  law  of,  13 


|HHi 

EltctrU  brasL.  334                            ^^^^| 

^  Ml    a               1* 

E»c«,8s 

„      <>b)e,  417                              ^^^^1 

00^119 

chBTge,  diMrihnluia  of,  309  ^^^^^H 

1 

tmneUt,  171 

^™Ldo■^Uwof,4M 

eraph.,  4,8 

tate,  appvcDl  icTetuI  of,  ^63 

„      curreuU,    acUon    upon   magiMla, 

difl^rentisl  actioiiB.  4^3 

,,            „        »ctiDni]ponnftimii,4iS 

uflaenu  of  diemioU  com- 

,,            „         dircet  and  inTOK,  431 

podlwn  opon.  464 

,,             „         primBTi   and  secondary. 

influesce  of  alruelure  uo,  464 

43'.  440 

poUr  cbamclerof,  466.  467 

„       discliirge,  Telocity  of,  330,  331 

.ue  0^  in  vullaic  cells,  360, 

„       inductioD,  306 

„      induotjon  in  enrred  lines,  309 

Wg*»t>.ii(5 

„      inauluion  utd  condueUoa,  500 

kliq«iJ^  "5 

„      Ump,  DiiboK<j's,  399 

ftmtUia,  lis 

„      light,  398 

„        „      frDmdia'ereiitineta1a,spectn 

rS'ii^DiTg!  340  * . 

<rf,  403 

„       tn  raciio,  401,  436 

„      ahook,3i8 

„      ipark,  bow  modified,  334 

„      Bbodowof,  435 

MT«iu«.eter,  3S6 

>Ka,87 

„      tension,  eidted  b;  ohemic&l  ution. 

M         .i.illiq«idB,tll«ltJot94 

338 

ElednoJ  action  and  reaction,  305 

„         attraction  and  repulsion,  1^,  300 

i"9 

1.          balanra.  313 

h  '95 

,,         condenser,  316 

^=itJ,  3C7 

„        coadnetion,  3^6,  388 

nrer  of  bodiM  for  light,  145 

*el.  453 

Im  iDbBtitutioii,  9,  tl 

machines,  313,  313 

fc«(.lH»rbedd«ring,  H3 

„        theories,  304 

jUioDi  lotmB  of,  If  g  ef  tc;. 

Eleclricity,  uiinial,  453 

Ifdcctriecbtrge,  jio 

almospberic  339,  34) 

1^  hatwry,  3;6,  380 

tajBtoU  bj  sglvenM,  101 
^m>tU>r,4 

337 

„          elenieutar;  hcts,  399 

„          eaoriDOiu  qnuititr  reqoirtd  (or 

|U  of  light,  )6r 

toijium  of  cTTsUJi,  I  If 

metals.  35> 

till,  uum]U  slectriuitj,  4^J 

„            frnm  friotiun,  198 

Hrio  Ump,  3W 

, ,          of  machine,  chamicsl  effects  of, 

■  of  two  «l«lric  fluids,  304 

of  raponr,  338 

tit's  Uw  of  cooliBg,  111 

,,          produced  bj  heating  rajaUls, 

od    far   •pecific   gnvitj  of 

336 

0 

Cting  power   u(;  for   rollaic 

„           pnidnced  bj  presanre,  336 

rect^  416 

„           striking  disUoce  of,  331 

««m  of.  J94 

„           1*0  kinds  of,  J99 

4 

Klectrifa,  303 

»a™o,  149 

Electro-cbemieal  order  of  tha  elements,  3£8 

IM  ud  llquidi,  89 

38 

ud,35 

■of,  36 

„           Blectrol/l«,  elwtrwie,  4*3 

lir, +1 

laws  of,  404 

p»«,  3» 

Ssoid^J'S 

^<A 

1 

£LE 


476 


0A8 


Electrolytes  differ  in  facility  of  electrolysis, 
408 
II  must  be  compounds,  405 

„  must  be  liquids,  404 

Electro-magnetic  action,  laws  of,  413,  417 
I,  „        rotations,  433 

, ,      magnets,  how  formed,  4 1 6 
Electrometer,  CoulomVs  torsion,  30a 
„  Lane's,  322 

,,  quadrant,  317 

Electro-motiYe  force  defined,  357 

,,  „        how  measured,  387 

Electrophoms,  314 
Electro-positive  elements,  358 
Electroscope,  Bohnenberger's,  410,  note 
gold  leaf,  301 
simple^  209 

with  single  gold  leaf,  355 
Elementary  bodies  of  chemistry,  i 
Elements,  popular,  i 
Endosmosis  and  ezosmosis,  74 

„        of  gases,  93 
English  system  of  weights  and  measures,  97 
Equatorial  magnetism,  458 
Equi-diffusive  groups  of  Liquids,  7  a 
Equivalent  proportions,  law  of,  15 

I ,        weights  contain  equal  electricity, 
407 
Esculin,  fluorescence  of,  149 
Ether,  compressibility  of,  30 
,,      elastic  force  of  Tapour,  257,  266,  a8o 
„      expansion  of  by  heat,  184 
,,      latent  heat  of,  155 
,,      vapour,  volume  of,  257 
Evaporation,  electric  relations  of,  338 
from  surface  only,  268 
influence  of  pressure  on,  268 
in  vacuo  J  264,  270 
its  limit,  267 

meteorological  importance  of, 
271 
,,  of  mixed  liquids,  270 

„  of  solids,  267 

Exhausting  syringe,  39 
Expansion  by  heat,  anomalies,  181 

,,         force  exerted  by,  195 
,,         not  uuiform,  191 
of  gases  by  heat,  1 86 
of  liquidii  by  heat,  183 

,,  in  freezing,  loi 

of  solids  by  heat,  1S2 
Extraoixiinary  ray  in  double  refraction,  161 


If 

it 


I* 
1} 
»» 


Factors,  Glaisher's,  for  wet  bulb  hygro- 
meter, 275 
Fahrenheit's  thermometric  scale,  188 
Faraday's    comparison  of    macLine    with 
voltaic  electricity,  409,  413 
,,  theory  of  electric  induction,  308 

Franklin's  discovery   of   the    identity  of 
lightning  and  electricity,  339 
,,  theory  of  electricity,  304 

Fire  not  an  element,  i 
„    balloons,  211 
Fixed  lines  in  the  spectmrn,  146 

pointa  of  thermomeUic  Bcale,  1%% 


It 

II 


It 
II 


ff 


Flame,  diamagnetism  of,  46  r 

effect  on  electrical  charge,  333 
measurement  of  temperature  0^ 
„      Yoltaic  currentB  in,  397 
Floating  Toltaic  battery,  422 
Flow  of  liquids  through  capillary  tuba 
Fluorescence,  148 
Focus  of  concave  mirror,  134 
Force,  indestructible,  468 
Forces,  correlation  of,  470 

„      mutually  convertible,  469 
Forces,  molecular,  35 
Formulse,  chemical,  25 
Freezing  mixtures,  238 

II       point  of  ioe  lowered  by  prea 

240,  note 
„       process  of,  240 
French  system  of  weights  and  measures 
Friction,  how  lessened,  59 

,,       heat  produced  by,  1 75 
Frog,   muscular   contraction  of   by  • 

tricity,  345 
Fusing  point  affected  by  pressure,  240 
fixity  of,  239 
of  mixtures  lower  than 
of  their  components,  1 
Fusing  points,  table  of,  239 
Fusion  of  metals  by  Voltaic  current^  4 

Gallok,  imperial,  27 
Galvanism,  345 
Galvanometer,  differential,  386 

„  tangent,  413 

Galvanometers,  347 — 349 
Gas  battery,  365 
,,    coke,  voltaic  use  of,  372 
Gases,  absorption  of,  by  charcoal,  84 
,,     adhesion  of,  to  liquids,  81 
,,  of,  to  solids,  83 

analogy  with  vapours,  58,  276 
bad  conductors  of  heat,  207 
cooling  effects  of,  221,  394 
correction  of,  for  pressure,  5 1 
, ,  of,  for  temperature, 

desiccation  of,  85 
,,     diamagnetism  of,  460,  461 
,,     diathermacy  of,  226 

difference     in     electric    inau 

power,  333 
diffusion  of,  86 
effusion  of,  89 
expansion  of,  by  heat,  186 
liquefiable,  282 
methods  of  drying,  85 
passage  through  diaphragms,  ^ 
refractive  powers  of,  137 
specific  gravity  of,  how  obtaine 
specific  gravity,  calculation  of 
transpiration  of,  90 
I,     unequal  cooling  effects  of,  on 

wires,  394 
„     voltaic  conductivity  of,  397 
,1    which  have  been  soUdifiM,  48 
, ,     which  have  not  been  Uq«iied, 


11 

it 
II 
II 
II 

II 

»» 


tt 


II 
II 
»i 
11 
ft 
11 
tt 
tt 
»l 
11 


\ 


fiir  TOmpreiswi]  guea,  179 
tnotion,  141,  nvic 
I'lbetoTB,  wet  bulb  hvgroi'eler,  2  7 
■iNotbcDl  anion  of  on  h«l  rajs,  1 1 

red  heat,  397 
rapanituui  of,  b7  h«at,  iHi.ioi.iwi 
.,     it*  elMtric  pnwen,  199,  jol 
,     apccifie  heat  ei,  1  ji 

noumealB],  pi'liuiiiDgetrccUof,  17 
w  rlinhorge  of  dectrivil/,  335 
'1.  its  diiiiibilit]',  « 
rllaif  eleatroHiDpa,  301,  307 


tx,  iSS 


if  thenoomelen,  fined  pointe 


QiHitv,  s  coBSUnt  farts,  t6 

SdiiDuuihei  fioui  pole*  to  «qaator, 
.! 
s 


H  speoilic  graritf),  tg 


nitric  Mdd  ball«t7,  371 

■la-percha  inauliitor  for  teleBrajili  wire, 

■■-■;  .uiiOlui,  453 

RAib»sa,  Bcale  of,  J5 

Smria's  eleotro-thermoaietei,  3*7 

il.irriinti'B  ice-making  mnchine,  );i,  nofi 
nut  tbsurbtid  in  anporation,  151 

amoant  of,  fram  ma  on  urth,  I7£i 

„    aatagonislvf  cobeHi^D,  3J,  jS 
„    ui'l  light  indepsDdeatP  118 
„    eouduotjon  of,  104 

„    derelopad  by  electric  dixiharge,  317 

bj  friction,  175,  176 
V  moiateuing,  17B 
bf  perciiuiaii,  176 
E  derelopi  eleutricilj'  in  certain  ciritali, 
I     336 

I  dtaUibution  01.  m  speclmni,  117 
erolTid  ilurio^  KiiidiBuliou,  141 
ktent,  136 

,,      of  npouni,  meaaoreinenl  of, 

l&WBiireniflnt  of,  iS^,  rt  leq. 
I  iMobfttucd  thenr;  of,  1 79 
I  «f  eMdueting  wire  inienelj  m  wb- 
I    dneting  power,  393 
t  of  inleriai'  of  earth,  rjS 
I  appa>Ml  lo  cohMion,  jj 
;   jitwlDwi  eipanaion,  180 
\  liTodunion   of   b;  ahcmiMl    eomln- 


tadiutt,  law  of  soolinj.  1  jo         ^^M 
,,        polariialioii  (rf,  130  ^^ 

,,  redecdoa  of,  116 
„  refraction  of,  317 
„        refrao^biiity    uf,   allenble, 

119 
„       gspuntiaa   of,    from   light, 


affected  bj  compression,  131 
diSereat  in  liquid  and  aotid 

Haten,  134 
iacreanes  with  the  tettipen- 

tura,  134 
of  gatea  and  Tspoura,  735 
reJalLon  of,  to  cdiemicad 
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theories  of  its  na 

unit,  mecbasical  equivaleol  of,  176 

variation  in  d^ree  of  absotbabilitj, 

in  Tultaic  oircnil,  FaTre's  axperimenta 
on  its  distribution,  403 
Heayj  glasa,  ma^niecic  poUrJiaWon  ot  456 
Helix  in  electric  aclion,  mngneljc,  416,  419 

left  and  right  handed,  4 1 6 
Heraihedral  crjatali  defined,  1 1 1 

„  „      artificial  fonuatdoa  ol, 

Hcnrj""  induction  coils,  439 

„        law  of  solubility  of  i;uei,  81 
High  pressure  stcamboiler,  ifo 
Hulubedial  or  bouiuhcdnl  forms,  iii 
Buniogeneons  cii  monoohiouiatie  ll^t,  143 
Ilot  water  oven,  144 

,,        Died  forwarming  boildingi,  ito 
nydro-electric  machine,  339 
Hydrogen  scale  o!  chemiceJ  eqniillletlta,  1 7 
Hydrometer  (areametor),  33 
Hygrometers,  171 

Ics,  artificial  formation  of,  ijS 
„    expsinsioa  of,  in  act  of  (reeling,  99 
„    formed  byndiatiDo,  110 
„   fusing  point  uf,  hiwered  b; 

J40,  BOfC 
„    machine,  ijt,  note 
„   specific  gniitj  of,  101 
„    spedfic  heat  uf,  134 
Inetand  spar,  dflDbie  rafracMon  of,  itii 
Identity  of  voltaie   with  slAtJo  etoctridty. 

Ignition,  colonr  of  light  proddced  bj,  1 14 

, ,       of  wires,  loltaic,  389 
Iniprrssinns  of  light  on   tiie  retina,   per- 
*i  '3' 
.  ir  dip  of  the  needle,  394 
ludei  of  refraction  defined,  136 
Indaeod  eurrenla  prwluoed  I 

Induced  electric  dBrrenW,  4. 
Indaotioo,  electric,  jois,  ^o 
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Induction,  electric,  varies  in  different  direc- 
tioDB  through  »  crystal,  113, 
note 
„        magnetic,  490 
„        magneto-electric,  43a 
„        Yolta-electric,  431 
Insulation  of  telegraph  wires,  426,  437 
Insulators  of  electricity,  300 
Intense  cold,  artificial  production  of,  338, 

«78 
Intensity  of  the  earth's  magnetism,  496 

„        of  electricity,  310 
Interference  of  light,  157 

„  of  undulations  of  sound,  156 

Iodide  of  mercury,  dimorphism  of^  I30 
Ions  Yoltaic,  404 
Iron,  expansion  of,  183,  ipa 
„    expansive  power  of,  by  heat,  195 
„    inactivity  of,    in  nitric  acid,    353, 

,,    lengthens  during  magnetization,  417 
,,    magnetic  induction  of,  390,  197 
,,    magnetism  of,  suspended  by  heat,  294 
„    structure   of,   altered  by    prolonged 

vibration,  103 
„    specific  heat  of,  33a 

Isomorphism,  114 

Isomorphous  groups,  118 

Joulk's  experiments  on  heat  of  friction,  1 76 

Kkkpkr  of  magnet,  its  use,  493 
Kilogramme,  28 

Lampblack,  absorbent  power  0^  for  radiant 

heat,  222 
Land  and  sea  breezes,  214 
Lane* 8  electrometer,  322 
Latent  heat  (see  beat,  latent),  236 

,,  Person's  theory  of,  237,  note 

Lateral  spark  of  electricity,  327 
Law  of  gaseous  diffusion,  88 

„    of  sines  for  light,  1 36 

,,    of  volumes,  23 
Laws  of  chemical  combination,  13 
Lengtheuing  of  bodies  whilst  sounding,  129 
Lenses,  convex,  138 

Leslie'smode  of  freezing  water  invacuOf  252 
Leyden  battery,  318,  328 
Leyden  jai,  construction  of,  317 

,,  induced  currents  from,  44a 

,,  theory  of,  320 

Licbtenberg's  electric  figures,  335 
Liebig's  condenser,  260 
Light,  absorption  of,  143 

,,      artificial,  145 

,,      change  of  refrangibility,  148 

,,      chemical  effects  of,  123 

,,      double  refraction  of,  161 

,,      electric,  398 

,,     emission  of,  during  crystallization, 

„      frequency  of  undulation,  155 
,,      law  of  diminutioii  of,  by  distance, 

131 
„      polarised,  (see  polwr'uatioii),  i6a>  166 
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Light,  reflection  of,  133 

reflection  o^  from  curved  si 

'34 
refraction  of,  135 

scattering  of,  134 
sources  of,  124 
theory  of  undulation,  126 
theory  of  emission,  126 
total  reflection  0^  1 39 
velocity  of,  154 
Lightning  conductora,  340 

„        its  explosive  effects,  340 
„        its  identity  with  electricity 
Lime  and  its  compounds  less  soluble 

than  in  cold  liquids,  68 
Limit  to  the  atmosphere,  53 
Limpidity,  57 
Liquefiu!tion  of  gases,  276 
Liquids,  adhesion  between,  69 

circular  polarization  of,  17^ 
cohesion  of,  56 
compressibility  0^  36 
diffusion  of,  70 
elasticity  of,  36 
equi-diffusive  groups  of,  72 
flow  of,  through  capillary  tu 
inferior  as  conductors  of  he 
voltaic  conduction  of,  395 
voltaic  conductivity   increa 
heat,  396 
Litmus  paper,  blue  and  red,  6 
Litre,  28 
Loadstone,  288 

,,         mode  of  mounting,   293 
,,         origin  of  magnetism  of,  : 
Local  action  in  battery,  357 
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Maonet,   effect   of,    on   stratified   < 
discharge,  437 
effect  of  fracture  on,  291 
effect  of,  on  the  voltaic  arc, 
Magnets,  how  prepared,  292 
Magnetic  attraction  and  repulsion,  2 
batteries,  293 
equator,  296 
field,  458 
induction,  290 
,,        intensity,  how  measured,  2 
Magnetic  poles,  296 

,,      polarization  of  light,  173,  ^ 
,,      storms,  297 
Magnetism,  a  polar  force,  289 

diminution  of,  by  heat,  ' 
elementary  facts  of.  288 
induced  by  electric  cuj 

418 
influenced  by  vibration, 
,,  of  all  bodies,  458 

,,  of  cobalt  and  nickeU  29. 

, ,  of  electric  conducting  wii 

of  liquids,  459 
of  salts,  459 
of  the  earth,  295,  996 
Magneto -electric  induction,  4^ 
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it  TolUic  onlar,  J51,  359 
or  faenl,  ]05 
wadac^viljfor  electricilj,  391, 39) 
cspNuioa  of,  bj  beat,  181,  191 


LMfld  dnring,  178 
'  itiea  of,  35 
'.   Eolida   ultered   bf 


ITodkl  liiat  ud  poioU,  1 19 
Kas-meUUic  (lanimu.  1 
KaUtion.  ijTnbulic,  15 
Nuclei,  indnenoe  of,  oa  ciTstaUIui 


'•  Uw  ofelmttcitj,  37 
, ,    (nilnre  of,  U  txt 

1.  j8o.  3H,  Bofu 
IT  dcitrujFcd,  1 1 
ptqrmoal  conditinM  of,  3 
a  animal  deetncit?,  j 
'(uiutr  or  vapuura.  16 
il  a[  higighn  hj  boQing  pcuDt, 

lldiiDica]  eqniralant  of  heat,  1 76 
, ,  iheorj  of  hat,  1 79 

i»f<iiligbl,  13s 

"si't  etpgrimenU  on  ndiant  beat,  114 
„       thccmo-galTanometer,  45 1 .  nolt 
lUtisfpunt  af  ■  bodj  cannant,  ^139 
„         ,,      raised  bj  praxann^  ^40,  nott 
„      puint»,  table  if,  139 
Memorial  thermomeler,  adranlagea  of,  1S9 

,,        trough,  jn 
>ti:rciit;r,  tsjdllarj  depmsoD  of,  63 
„       tnaporatioD  of,  167 
„       ei|«n9dao   of,  at  different   teiD' 

[Wntntn,  igi,  191 
,,        frrvung  of,  378 
„        fruKn  in  red-hot  capaole,  187 
,,         latMit  heat  of,  137 
„         qcfllfie  h«l  of,  134 
„        ipeciGo  graTit;    comparol   irith 
air  and  irater,  43,  t 


,,         poutiie  and  DfKnIive,  76  I 

Oijgea,  magnetiiiD  of,  46]  I 

,,      ac&le  of  chemicaleijuivBleiits,  17  I 

FjiPEK,  splitting  of,  61 

Papin'a  digester,  ijr 

Fel^er'a  thenna-decCria  experiment*,  4;! 

Peadaium,  lenglhofiecDiids,  17,  miti  j 

Pcroosioo,  teat  ptodoccd  bjr,  1 76 

Pemiide  of  maqganece^  Tultaic  aae  of,  361 

Pemttence  of  impieasioiuuu  tbentina,  131 

Pliospbaraceuce,  114 

Phosphoreacent  spectra,  151 

Fhoipbori,  auUr,  150 

Fboaplioragenii;  nji,  ■  f  1 

Phosphoroaeope.  Beoquerel'i,  iji  i 

Fboaphonu,  allotropic  fortns  of.  1 1 1  M 

„  diamagnotum  of,  460  fl 

Photometij,  131  H 

Physical  properties  of  bodies,  1  I 

Fiteh  of  mBHical  note,  howraiiod,  118  ■ 

Plane  of  pulariiation,  1 66  ^ 

Ptanei  of  crjrscala  defined,  104 
Plating  by  magneto-electricity,  446 
Flatiniied  silver,  Toltaic  use  nf,  371 
Platinoda,  oithude  or  negative  pole,  40.I 
Flatinoiu,  black,  power  uf  abiiorbiug  gates, 
SS 
„        coudensation  of  gues  by,  S5 
Pneumatic  trough,  48 
Poinli,  action  of.  on  electrified  liodies,  311 
Foiseuille'i  experimente  on  elSui  uf  liquids. 

So 
Folnr  fnrcea.  what,  1S9 
Poles  of  tbe  battery,  404, 405 
PulnritatJon,  angle  of,  104 

„  of  eleclrwlos,  366 

„  of  beat,  130 

of  light  (eee  light).  163 

,,         of  tight  by  bondloof  glaaa,  167 

„  „     by  loBeetioii,  164 

„  ,,     coloured  eiriiniar,  171 

,1  I,    magnetic,  456 

„         plane  of,  i6d 

„         prBcedes  TolUlu  aodiin.  35S 
PoUrued  light,  colours  of,  j68 

diCferenM  of,  fruiD  eoauitoD 
light,  166 
Poitwlty,  3 

Putiuuiiura  amtklfpUD,  Toliaic  uu  ut,  ^^(> 
Pound  aYovciuijmt,  "«^iA,  "V"! 
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TVi,'«»»i>\  utAn^Unl  for  gaiiei,  French  and 

k^uu«rJ[  «tt\l  Mw^mUry  forma  of  oryatali^  104 

II  coUh,  4.)i 

»»      w^IU^^Woiric  curr«ntt  431 
\^t:l^'t|mt  •«\iton  \^  a  ctthUU,  163,  note 
lb^u4lu»  urvM^mUr,  of  k1a««i  ij8,  14a 
».      MU'w.  tt«^  of»  1 45 

jf|t^SkuiM,  1 41 
. «        \t«iiNM  k4'  ^ry»uU,  113 

bK*«<^'^^kt  4ji 
Vst-MiL^iakl  ^^-vitrMk  ^'  cfTflalt^  lot 

^,  vxrik  ^trcvVnr  )\«^!tfiaiM«  «<  171 
,.  \^».w  u»  ,<    j;^: 
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Saturated  solations,  67 

Saxton'fl  magneto-electrie  "'•<*»t^  444 

Scale  of  eqaivalenti^  18 

Scattering  of  light,  154 

Sea- water,  action  o^  on  ooppcr  ■i»^*fch;^ 

361 
Sealing-wax,  its  electrical  powen,  399 
Seconduy  Yolta-electrie  current,  431 
Seconds  pendulum,  length  ot,  at  QnflBwie^ 

27,  note 
Selenium,  its  thermo-elecirie  power,  451 
Smee's  Yoltaic  battery,  373 
Separation  of  bodies  by  cold  or  heat,  95 
Sheathing  of  ships,  Toltalo  proteetiontif)36i 
Shell-lac  an  electrical  insuUubor,  301 
Simple  and  compound  voltaic  dxcuita^  y^, 

377 
Sine  of  angle  of  refraction,  136 
Snow-flakes,  forms  of,  97 
Solar  spots,  connexion  of,  with  earth^imi^ 

netism,  397 

Solid  conductors  of  Toltaic  electricity,  ex- 
ceptional, 397 
Solidification  of  gases,  378 
^       ,,  heat  emitted  durinfr.  ?4J 

Solids  do  not  always  inunediaselT  CLcsad 
by  cold,  197 
„     expansion  of,  in  &e«siiig.  loi 
„     frum  gases,  384 
„     not  electrolytes,  307,  40. 
;  S.>lubilityofgases,82 
■  S^^lution,  67 
Si^lutions,  table  of  diffunl-iliTT  :£  -: 
S^>und  due  to  ribratiun^,  157' 

law  of  its  diminuiius.  fr:m  Kttcv 

'27 
pnxluced  during  maczmiiasinz. 
rtHjuircs  time  fi>r  tr*auuu«iun.     :  ~ 
rarieties  of,  128 
Telocity  of,  vsiief  ir  c=5s?mc  m-iix 

127 

Telocity  of,  Taries  it  ti»   mmv  ^aj- 
Btanoe  with  VMryhtc  drmrnto^ 
J  nofe  '  ""* 

Spark  from  long  coodnctanc  wsn.      11 
I   Specific  electric  indnctiiA,  :;£«       ** 
gravity,  29 

„       of  gaaea.  r:.  ti^ 
i        i>  f>        of  liquids   V 

01  pywots^    ?^ 
ofsulidsi.    rj' 
of  soInUe  latKitffe 
ofvapcuTb.  7ar      "* 
heat,  330,  231  la 
Siiectrum,  prismatic,  I41 
Spheroidal  state,  284 
Spirit  thermometer,  its  at^^rKinase.    rv, 
Sjiongy  platinum,  igniuc*  of  i. var ^^   -r'  ■  < 
Standard  temperature  aitd  pr^a-    -f-' 
^  citic  gravities,  30,  nUt 
Standards  of  weight  and 
Steam-bath,  344 
Steam-jet,  358 
Sutam,  electricity  of^  33^ 
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^H^  ipeeiao  b»l  oU  <3S 

Tabls  of  heat  prodaccd  hj  alMtridlf  !^^^| 

^^■ko's  Gi«,  343 

wifo.  3'7                                   "^^^ 

^^^ition  of  electric  light  in  meiu.  4^6 

heat,  .9*                                                  1 

^^^■id  wiie,  tlienuo-eltctiic   effecU  of, 

„     of  the  influoice  of  sails  on  bdling                | 

poiut.347 

^^^E*dJEtaiu»ofet«tliie3pBrk,  33J 

^^Bioo.  «f<«l  of,  upon  »lh«io»,  65 

„      of  IfltHit  heat  of  liquid!,  137 

^^Hhone  electrio  cable,  417 

„      of  hilent  heal  of  Tapoon.  154 

^^KctioD  ot,  OD  po1ui>ed  Ught,  4;i 

„      oftiqnefairtionofgaieE,  iSi 

^^■(la  of  copper,  Toluin  nn  of,  368 

^^■^     of  mercorr,  nae  in  tel%n}ih  b&t- 

h63 

^H            t«7.  415 

„      of  refractive  powBT  of  gs«ea,  137 

^^H      of  «od«,  heat  ctoIvhI  daring  iu;s- 

„      of  refraptiTe  power  of  oils,  141 

^^P                        talliiing,  143 

„      ofromarkablepoiDtaoflempenitnie, 

194 

„                             *8 

..      of  rin  of  Bpedfic  heat  with  tem- 

peramre,  134 

^  '5* 

.,     ofBolliKlit^ofga«^8» 

Solphiir,  ■Uottopio  vsriflties  ot  ui 

„      of  Bound)  of  the  muBicai  scale,  iiS 

..        Imniing,  floreacent  light  oC  149 

..      otBpedfio  heats   of  certain  solids, 

131                                                              ' 
, ,     of  Bpeeific  heat  of  gases  and  rBponr^ 

Symbolic  notatiou  groomponnda,  J5 

53S 

eynuaetrj  of  crjatalB,  107 
ejpb«,,46 

,,      of  specific  heat  of  solids  and  liqoiile. 

„      of  nwa,  latent  and  seanble  beat 

^iBLB  of  absorbibilitj  of  radiant  he«t,  aia 

of,  ,s6 

„      of  absorption  of  gnmi  bv  cbarcoaL  S4 

„      ofaffinitr,  10 

flteam,  iy 

„      ofBlomic  weightd,  18 

,,      of  tonaion  of  Taponrs,  i6j,  366 

„      «f  boiling  point  uf  water  tX  iMcrent 

,,      of  tlienno-eleetrie  order,  449,  tS" 

p«a^u^e^  350 

. ,      of  tranapirability  of  vapoora,  91 

.,       of  boiling  points,  545 

„      of  the  Iranspirabitityof  gases,  gi 

,,      ofCRgnianldeLiilour'aeiperiaioot*, 

..      of   Toltaio   eondncting    pow«    of 

Uquida,  396 
„      ofToltoic  conducting  power  of  metal^ 

..      of  capillarity  of  different  liqnid^  63 

,,       or  chemical  eqaiTalcDU,  18 

3?'.  391-  393                                             I 

„      atieanaxe  of  tamperatnre  in  mt 

Telegraph,  electric,  indiot<ir.  439                           ■ 

with  Blevation,  133 

Telegraphic-wire,  a  Lejdeu  jar.  4  28                         ■ 

, ,      of  denailj  of  the  liz  at  diffetfint  ttlti- 

TcllurintB.  its  thcrmo-rlectrie  poicor,  45 1                 1 

tnde^  51 

„      ofdiathermac;  of  wUdii  ud  li<luill^ 

Tension  of  vaponre,  law  of,  »6s 

TewuUrifslemaf  crystals,  109                                 I 

„      ofdifTuEionafgua^Ng 

Teel  papers,  6                                                          1 

..      ffdilfuaibiUty  of  liquids,  71 

.,       of  cfllox    of    iiqnida    throngh    Gne 

Thenno-eleElric  current,  finsa  of,  430                     ■ 

tobeg,  Si 

,,            ordar  of  metals,  449,  4J0                ■ 

,.      of  elaatieilj  of  gaaea  at  high  rrea- 
„       oTeloctriD  condurtirity,  jpr,  39J 

pie.  *  thennLimcMr,  449,                ■ 

„      of   electro-obemioal   ordor   of  ele- 

error, 448 

ment*  3J8 

Thormochrosis,  337 

„      of  eqaidiO'iJBiTe  liquids,  71 

,,       of  eqniraleDts,  18 

Thermometen,  alleralion  of  MTO,  190                      h 

,,            maximum  und  miuimiun,               M 

, ,      of  cvaporsUan  t»  lumo,  369 

190                                              ■ 

.;                  „         ofli.,nid».'.83.  '84 

,,            Tariuiw  forms  ot  1S9,  1^               ■ 

DfBolidBbjheat,  tSj 

„       of  fuMng  poinla.  139 

TliB-ryofeoloara,  143                                                    ■ 

„       ofOliviBher'irnotor^  37; 

ThiuvUW».TOlout»rf.  1.^                                     ■ 

„       oTbtrdaeeB  of  mxQeralB,  55 

ThunA«t,>ti J 
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Tourmaline^  eleeirical  effects  when  heated, 

336 
f,  its  polarizing  power,  163 

Torpedo,  its  electric  powers,  453 
Total  reflection  of  lights  139 
Trade  winds,  213 
Transfer  of  elements  by  voltaic  action,  354 

„       of  particles  in  Toltaio  arc,  398 
Translnoency,  131 
Transparency  never  perfect,  131 
Transpiration  of  gases,  90 
Truncation  of  angles  of  crystals,  104 
Tuning  fork,  137 
Turmeric  paper,  6 

Uhakiibaled  glass,  polarization  by,  170 
Undulations  of  light,  how  different  from 
those  of  air,  130 
„  of  light,  their  direction,  130 

Uniazal  crystals,  161 

Unit  of  heat,  mechanical  equivalent  o(  176 
Unit  jar,  313 

Uranium  glass,  fluorescence  of,  149 

Yapoub  volume  of  equal  bulks  of  different 

liquids,  357 
Vapours,   process  for  specific  gravity  of, 
aoo,  204 
„       point  of  maximum  density,  356 
,,        transpirability  of,  92 
Variation  of  the  compass,  394 
Velocity  of  electricity,  330 
„       of  light,  154 
,,       of  sound,  127 
Ventilation,  212 
Viscosity,  57 

Vitreous  electricity,  299,  304 
Volta-electric  induction,  431 
Voltaic  action  due  to  chemical  action,  352 
Voltaic  arc,  398 

„      ,,      affected  by  magnet,  424 
,,      ,,      its  stratified  structure,  438 
Voltaic  battery,  Bunsen's,  271 

cause    of    its   decline    in 

power,  382 
chemical  effects  of,  403 
Daniell^s,  369 
Qro?e*s,  371 

most  effective  combination, 
382 
,,        Smee*s,  372 
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Voltaic  eireuit)  346 

„        simple  and  oompomd 
'  „        one  metal,  and  two  Ii< 
$62 
„        two  liqnida  and  one  1 

364 

current  defined,  555 

„       chemical  actioiui  o^  3ft 
„       resiatanees  to,  373 
discharge,  procesaea  o^  388 
eledncity,  345 
pile,  350 
polariiation,  353 
Voltameter,  381 

reeiatanoe  of  calculated. 
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Warmiho  of  buildings  by  hot  water, 

„  „         steam,  243 

Water,  anomalous  expansion  0^  by 

195,  211 
Water  barometer,  44 
„     battery,  411 
„     elastic  force  of  vapour  nndei 

pressures,  280 
,,      frozen  by  its  own  eraporatioi] 

253  . 

„         „      in  red-hot  capsule,  2  8( 

„      latent  heat  of,  237 

,,      Tnarimum  density  of^  196 

„      natural  circulation  oi^  271 

„      specific  heat  of^  235 

,,      specific  gravity  of,    eomparec 
air  and  mercury,  43,  note 

,,      weight  of  cubic  inch  of,  27 
Waves  of  light,  length  of,   155 
Weight  of  tiie  air,  42 

,,      of  a  body,  what,  27 
Weights  and  measures,  27 
Wet  bulb  hygrometer,  274 
Wbeatstone's  measurement  of  velo< 

electricity,  331 
Wires  conducting  voltaic  currents,  1 

actions  of,  420 
Wood,  variation  of  coaducting  pov 

heat,  209 
Worm  tub  and  still,  259 

Zamboni^s  pile,  41  t 
Zinc,  voltaic  use  of^  368 
Zincode,  cathode  or  positive  pole,  40 
,,       hottest  in  voltaic  arc,  401 
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